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WESLEY ROSWELL COE
1

Yale University
and

Scripps Institution of Oceanography

An enthusiastic naturalist, a profound researcher, and a friendly
teacher. This is probably the best brief description of Dr. Wesley Ros-
well Coe, whom I have the pleasure of nominating tonight as an honorary
member of our Association.

Professor Coe's interest in invertebrates, especially those living

in the seas, was obvious even in the earliest years of his scientific

career. Soon after finishing his studies at Yale, Wiirzburg and Naples,
Dr. Coe joined Harriman's Alaska expedition. As a result, a large
number of articles containing information collected during this expedi-
tion began to appear under Professor Coe's name. At that time, his

interest was mainly centered on the classification, distribution, and
occurrence of pelagic nemerteans . Somewhat later, Dr. Coe began to

devote more and more time to studying the development, physiology,
and regeneration of these worms . Soon, Dr . Coe became one of the

most noted authorities in the world on nemerteans, and still holds the

same distinguished position.

The work on nemerteans did not occupy Dr. Coe's entire time.

As a true naturalist, whose interests are varied and never satiated, he

did not limit his studies to one group. In his middle age he became
extremely interested in mollusks, especially pelecypods and gastropods.
His studies were largely concerned with the sexualities of these two

groups and this is the field where we, the members of the National

Shellfisheries Association, especially appreciate the value ofDr. Coe's
contributions . His work on the sexual phases of the Pacific coast

oyster, Ostrea lurida , and the American oyster, Crassostrea virginica ,

is outstanding in its completeness and accuracy. His interest, how-
ever, is broader than the study of oysters alone; he also conducts
extensive observations on mussels, soft shell clams, the Pismo clam
and Teredo . Similar studies were conducted on gastropods, especially
of the genus Crepidula . As a true student of nature. Dr. Coe was
especially interested in the conditions of the environments, which are

chiefly responsible in influencing gonad development and sequence of

sexual phases of mollusks .

Died 21 September 196 at the age of 93 .-Editor
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As a teacher of biology, Dr. Coe was successful in conveying
his enthusiasm and interest in nature to his students . Some of them
followed in his steps as research workers. Others, who became
teachers, tried to convey to their students, as Dr. Coe always did,

the dignity of nature and the importance of understanding, through
research, the reasons why all living entities exist and function.

As one of the oldest members of our Association, of which I am
a former president and especially, as a student of Dr . Coe, I appre-
ciate this opportunity to participate in honoring my old professor and

lifelong friend .

Victor L . Loosanoff
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ROBERT ERVIN COKER

Kenan Professor of Zoology, Emeritus

University of North Carolina

Dr. Coker is emeritus Kenan Professor of Zoology at the Univer-

sity of North Carolina, where he began his career as a stimulating
teacher in freshwater and marine biology in 19 22. This scientist of

world renown for his contributions and interests in marine biology and

oceanography has through the years maintained an active interest in

shellfisheries .

His 84 years have been too full for a complete review. Emphasis
in this brief biographical sketch is on Dr. Coker 1

s interests in shell-

fisheries . Soon after graduating from the University of North Carolina

with bachelor's and master's degrees in 1896 and 1897, he began gradu-
ate studies at Johns Hopkins University where he came under the

influence of the Brooks and Hopkins tradition of that day . His graduate
studies at Johns Hopkins University were interrupted by two years spent
at the newly completed United States Fisheries Laboratory at Beaufort,

North Carolina . Here he conducted studies on oysters and vigorously

pursued experimental plantings to determine the possibilities and poten-
tialities for oyster culture in North Carolina . His studies led to

fundamental legislative recommendations for the industry. Many of

these recommendations became statute law and are effective to date.

After completing graduate studies he was engaged by the

Peruvian government to study and make recommendations regarding the

guano-producing birds and marine fisheries. Dr. Coker entered the

United States Bureau of Fisheries on his return and soon was assigned
to organize and direct the newly planned Biological Station at Fairport,

Iowa . His research was concerned chiefly with freshwater mussels;
results were published on studies of the natural history, utilization,

and protection of mussels .

In 1915 Dr. Coker became Chief of the Division of Scientific

Inquiry. His influence has been felt through his activities as an

administrator, through his many appointments and offices on Com-
missions and Councils, and through his service as delegate to

international congresses. During the summers of 1922 and 1923 he
was director of the United States Fisheries Laboratory at Woods Hole,
Mass .
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Dr. Coker has refused to be "retired" except as a formality.
Since 19 55 he has been visiting Professor of Marine Biology and Con-
sultant to the Institute of Marine Biology at the University of Puerto

Rico where he has continued in active research. This man with a

down-to-earth philosophy, keen analytical mind and convivial per-

sonality has carved his niche in the annals of American Scientists .

It is a privilege to present Dr. Robert E. Coker for honorary member-
ship in the National Shellfisheries Association.

A. F. Chestnut
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Dr . Robert E . Coker
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THE THREE HEARTS OF THE OYSTER

Paul S . Galtsoff

Department of the Interior

U.S. Fish and Wildlife Service

Bureau of Commercial Fisheries

Biological Laboratory, Woods Hole, Massachusetts

ABSTRACT

Circulation of blood in the oyster is impeded by large and open
sinuses between the arteries and veins. This deficiency is compensated
by the pulsating radial vessels of the mantle and by the two accessory
hearts in the cloacal wall. Each accessory heart consists of three branches

emerging from a common center. Two distinct waves of contraction originate
from the center and move in opposite directions. Injections of dyes shows
that blood from the accessory hearts enters the circumpallial artery and the

efferent veins of the gills. The function of the accessory hearts is to

oscillate the blood in the pallial sinuses; their contractions are slow and

independent of the beating of the principal heart.

Blood circulation in lamellibranch mollusks is a mechanical

puzzle. Instead of having capillaries as in higher forms, the arteries

and veins of lamellibranchs are connected through sinuses or lacunae
which are merely slits in the connective tissue and have no walls .

The sinuses are periodically filled with blood cells which wander
freely among the organs and aggregate in large numbers on the surface
of the body. The veins which start from the sinuses carry blood

through the common afferent vein to the gills, and then return it to the

heart by a complex of efferent branchial vessels. It is difficult, how-
ever, to visualize how the circulation is maintained in a system whose
continuity is interrupted by wide and irregular open spaces.

This deficiency is compensated by the contractions of the gills
and of the adductor muscle. Their muscular movements compress the

tissues, squeeze the blood from the sinuses and force it into the veins.
The flow of the blood inside the mantle is aided by the pulsation of the

vessels along the radial muscles. These vessels have poorly developed
walls . Their constriction produces a wave of contraction which origi-
nates at the base of the mantle and progresses toward its periphery
where the radial vessels branch off and establish connection with the

circumpallial artery. Pulsation of these vessels and the oscillation of

blood inside them may be observed in a fully expanded mantle. On the
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surface of the mantle the radial vessels and the accompanying muscles

appear as ridges, which were noted by Rawitz (1888) and described by

Kellogg (1890).

The principal organs for oscillation are, however, the two ves-

sels on the lateral walls of the cloacal chamber. They were found by

Hopkins (1934, 1936) and Elsey (1935) in three species of edible

oysters , Crassostrea gigas , C . virginica , and Ostrea edulis . Hopkins ,

who suggested the name "accessory hearts," described them as promi-

nent, tubular vessels located between the ventral margin of the mantle

at one end and the excretory organ on the other.

Under slight mechanical stimulation the delicate walls of

accessory hearts collapse and the structures become invisible. This

explains the failure of earlier investigators to recognize their existence.

For the same reason the injection of accessory hearts with dyes or latex

is difficult and can be accomplished only in a well narcotized and

relaxed oyster .

The following method of injection proved satisfactory. Live

oysters were kept for 24-48 hours in a refrigerator, then placed over-

night in cold sea water with 5 per cent magnesium sulphate. About

2 ml of lithium carmine was injected using the finest hypodermic
needle. The preparation was rapidly rinsed in fresh water and imme-

diately immersed in 9 5 per cent ethanol which precipitated the dye.
The injected material remained inside the vessels and was not diffused

or washed away by dehydration or by clarifying agents (cedar oil or

xylene). In this way several permanent preparations were obtained.

The accessory heart of Crassostrea virginica is not a simple
tubular structure as has been described by Hopkins. It consists of

three branches of almost equal size, joined together at the common
center (Fig. 1). The entire structure is shaped like the letter Y. The

lower or ventral branch (v. br.) extends along the wall of the cloaca to

the pa llio -branchial junction (p. br . j .). Dye injected into this branch

penetrates some distance into the circumpallial arteries of the right

and left mantle lobes and into the side vessels which join the small

branches of the efferent vein of the gills (ef . v.). The dorsal branch

(d. br.) continues along the wall of the cloaca. It does not "disappear

into the excretory organs," as stated by Hopkins, but extends under

the renal sinus (r . s.) to the dorsal part of the cloacal wall, The rami-

fications of the branch end in a number of capillaries which connect

them with the efferent vein. The third, i.e., the posteiior branch

(p. br.) follows the ventro-lateral border of the adductor muscle and

gives many ramifications inside the cloacal wall. The histology of the
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Fig. 1. Drawing of the accessory heart of the oyster, Crassostrea
virginica . Made from an injected preparation . ad.m. —adductor muscle;
cap .--capillaries; cr .p .a .--circumpallial artery; d.br.—dorsal branch of

the accessory heart; p.br.—posterior branch of the accessory heart; v.br.—ventral branch of the accessory heart; r.s. --renal sinus.
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accessory heart can be studied only in a fully relaxed organ. The cross

section shows a delicate endothelial lining consisting of small elon-

gated cells, and a muscular membrane of thin circular and scattered

longitudinal muscle fibers . In a contracted state the heart completely

collapses and these features become almost unrecognizable .

The pulsation of the accessory heart is interesting. Two waves
of contractions originate at the central part of the heart and move in

opposite directions. One wave proceeds from the point of origin at the

center toward the distal end of the dorsal branch; the second wave also

arises at the common center but progresses along the ventral branch

toward the pallio-branchial junction. No contractions were detected

in the third, posterior branch.

The rate of the contractions of the accessory hearts is 6-7 times

per minute at room temperature. The transmission of the impulse is

slow, varying from 3 to 8 mm per second. The movements are not well

coordinated and are independent of the beating of the principal heart

which contracts at the rate of 16-18 times per minute. By dissecting
the wall of the cloaca and removing the pericardium the beating of the

principal heart and of one accessory heart can be observed simulta-

neously. The accessory heart on the other side of the oyster is not

visible in such preparations and consequently, it is not known whether

the contraction of the pair is coordinated.

Blood carried by the ventral branch of the accessory heart

enters the pallial artery against the pressure produced by the principal

heart. Under these conditions the penetration of blood inside the

artery must be limited; by the end of the contraction wave some of the

blood probably returns to the accessory heart. Movement of the blood

inside the pallial artery can not be seen but oack and forth flushing of

blood cells can be observed through the thin wall of the accessory
heart .

Ramifications of the ventral and dorsal branches of the acces-

sory heart provide connections with the side vessels of the efferent

veins . It can be assumed from the direction of the contraction waves
that blood from the accessory heart moves toward the efferent vein of

the gill, and that part of this blood is flushed back as the impulse wave

progresses along the wall of the branch.

Oscillation of the blood in the mantle is the primary function of

the accessory hearts. They facilitate the gaseous exchange and pro-
vide means for efficient respiration. The location of the accessory heart

confirms the opinion that the mantle and the wall of the cloaca play

significant roles in the respiration of oysters .
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THE USE OF VINYL ACETATE IN STUDIES ON THE CIRCULATORY
SYSTEM OF THE AMERICAN OYSTER, CRASSOSTREA VIRGINICA 1

Albert F . Eble

Trenton Junior College
Trenton, New Jersey

ABSTRACT

Vinyl acetate, diluted with acetone, was injected to obtain plastic
casts of the circulatory system. Red plastic was injected into the ventricle

and blue plastic into the median gill axis sinus.

The plastic rapidly polymerized and hardened on contact with water
and was easily exposed by digesting away the oyster tissue with 20% KOH.
Injected specimens dehydrated and cleared in cedar wood oil showed the

injected vessels, in situ, through the almost-transparent tissue. Some plastic
casts obtained by the corrosion method were embedded in bio-plastic.

A previous report (Eble, 19 58) on the circulatory system of the

American oyster, Crassostrea virginica , described the major veins,
the blood circulation of the gills, and their vascular relationship with

the rest of the body. To demonstrate these vessels more effectively

and to determine the entire extent of the venous and arterial systems,
corrosive preparations of vinyl acetate casts were used. Vinyl acetate

is a liquid plastic soluble in acetone which rapidly polymerizes and
hardens when exposed to water. It comes in a variety of colors, and
can be diluted with acetone to alter its viscosity . Most preparations
show the arterial system and the veins which return directly to the

heart in red while the rest of the veins are blue. Exceptions do occur

and are noted individually with each specimen on demonstration. 2

The oysters were prepared for injections as follows: a portion

of the left valve over the heart was filed away exposing that organ;

1 This investigation was supported by a National Science Foundation

Science Faculty Fellowship (#68052).

2 All types of preparations referred to in this paper were on demon-
stration throughout the 1960 meeting of the Association. -Editor.
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part of the left valve was sawed away exposing some of the visceral

mass; the dorso-posterior corner of the left valve was sawed off

exposing the area of the cloacal chamber; all oysters were then placed
in sea water containing 3 per cent MgSO . for 24-36 hours .

The vinyl acetate was diluted just before use, the amount of

dilution depending upon the size of the needle selected . Veterinary

syringes must be used with vinyl acetate; a 1 cc size was employed
in the present study. Red vinyl acetate was injected (#22 needle) into

the ventricle and a slow, steady pressure was maintained until 1 cc

had been introduced. A successful preparation was usually indicated

by the injection of the circumpallial arteries at the margin of the mantle

and of the superficial arteries in the visceral mass. To expose the

veins which return directly to the heart, the needle could be placed in

the atrium and the injection mass forced in a ventral direction. This,

however, was usually not necessary as the injection mass frequently
backed up into the atrium while the ventricle was being injected and
filled the major veins returning to the heart. In order to demonstrate

1) the veins in the visceral mass and palps, 2) the venous system of

the adductor muscle and 3) to show the relationship of the gills to

these veins, the medial gill axis sinus was exposed by making a slit

in the mantle and was injected (needle #22) with blue vinyl acetate.

The best preparations were made when the injection mass was forced

anteriad using 1 cc of material although useful preparations are obtained

by injection posteriad . The principal filaments (i.e. every other) of

the medial lamellae of the inner demibranchs were also injected with

varying degrees of success and, at times, the plastic traveled across
both interlamellar junctions to fill every other principal filament of the

lateral lamella of the outer demibranchs .

After injections, the oysters were next placed in an acid solu-

tion in order to free the muscle from the shell, then placed in a 20 per

cent KOH solution for 24 hours. This completely digests all the tissues

leaving only the circulatory cast. The cast can be stored in a dilute

formaldehyde solution or embedded in bio-plastic.

In order to ascertain more clearly the precise course of the

injected vessels, injected oysters were also cleared in cedar wood oil

instead of being digested in KOH. This involves more time and expense
but the circulatory system can be seen, in situ , through the almost

transparent tissues and the exact course of the vessels can be deter-

mined with relative ease.
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These preparations have corroborated and added to our previous

concepts of oyster circulation, showing not only the arteries and veins

that connect directly to the heart, but also the venous system of the

visceral mass and palps, the veins of the adductor muscle, and the

connection of these veins with the blood vessels of the gills by way
of the median gill axis sinus .

LITERATURE CITED

Eble, A. F. 19 58. Some observations on blood circulation in the

oyster, Crassostrea virginica . Proc . Natl. Shellfish. Assoc.
48: 148-151. 1 fig.
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OBSERVATIONS ON THE MANTLE OF THE NORTHERN QUAHOG,
MERCENARIA MERCENARIA L .

l

Robert E. Hillman and Carl N. Shuster, Jr,

Department of Biological Sciences

University of Delaware

ABSTRACT

Preliminary histo- and cytochemical studies on the mantle of

Mercenaria mercenaria L. revealed a fourth fold of the mantle edge which

produces a copious supply of mucus and may have a mantle-cleansing
function. Transverse sections of the mantle were treated with toluidine

blue and periodic acid-Schiff reagent. The G-Nadi reaction for cytochrome
oxidase activity and the triphenyl tetrazolium chloride method for succinic

dehydrogenase activity were carried out on whole fresh mantles. With tolui-

dine blue 0, the epithelium of the mantle edge stained considerably darker

than the epithelium of other areas of the mantle. Schiff-positive material

was localized primarily in the connective tissue and around the groove
between the sensory and muscular folds. Cytochrome oxidase activity was
most marked in the central area enclosed by the pallial line and in the outer

edges of the mantle folds. Succinic dehydrogrenase activity was most
marked in the central region of the mantle and in the groove between the

sensory and muscular folds.

INTRODUCTION

The lamellibranch mantle edge generally consists of three folds

which are usually described according to their position and function as
an outer secretory fold, a middle sensory fold, and an inner muscular
fold. In the northern quahog, Mercenaria mercenaria L., there is a

fourth fold, bordered by a prominent ridge, along the inner surface of

the mantle edge (Fig. 1).

We have been investigating the histo- and cytochemistry of

the mantle edge and of the mantle in juxtaposition with the shell and

ligament as part of a study upon ecological aspects of shell deposition.
The purpose of this paper is to report some preliminary histological and
histochemical observations made on the mantle of M_. mercenaria .

There is sufficient previous work (e.g. Rawitz , 1888, 189 0; Moynier de

Villepoix, 1892; Bevelander and Benzer, 1948; Kado, 1953, 1954;

1 Contribution No. 20, University of Delaware Marine Laboratories.
This research was conducted under National Science Foundation Grant
G-6154.
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Rosso, 1954; Genesi, 1955; Beedham, 1958) to indicate that the his-

tology and histochemistry of the bivalve mantle epithelium varies

according to location and, presumably, function. For example, Beed-

ham (19 58), working with the mantle of Anodonta cygnea , suggested
that the variation in histological appearance in different regions of the

mantle is due in part to the relative amounts of conchiolin produced,
and the secretory rate of the cells .

Although M_. mercenaria is common along the east coast of

North America, there is virtually nothing known of the mantle histology

or histochemistry, except for work by Bevelander and Benzer (1948).

The techniques referred to in our paper were selected to provide a

background of information on the synthetic areas and the energy sources

for synthesis and secretions in the mantle of M. mercenaria , so that

more specific work can be carried on in the future . The reported results

are by no means definitive.

MATERIALS AND METHODS

Transverse sections of the mantle were stained either with

toluidine blue O or periodic acid-Schiff reagent. Fresh mantle tissue

was treated with the G-Nadi reagent for cytochrome oxidase activity or

with 2-3-5 triphenyl tetrazolium chloride for succinic dehydrogenase
activity. All material to be sectioned was first embedded in paraffin.

Stained sections were dehydrated through a series of ethanols, cleared

in xylene, and mounted in Permount .

The following methods are referred to in this paper:

a . Toluidine blue O . Mantle tissue was fixed in Carnoy's
fixative and stored in 7 per cent ethanol until used. Sections were

hydrated and stained for five minutes in a 0.1 per cent aqueous solution

of toluidine blue O. This stain was used by Ronkin (1952) in studies on

mucus formation and secretion in the large marine snail, Busycon cana/li
-

culatum .

b. Periodic acid-Schiff reaction. This reaction (after Hotchkis-s,

1948; cited by Pearse, 19 54) is employed for the localization of various

substances .

Sections fixed in 10 per cent neutral formalin and embedded in

paraffin were hydrated and treated with periodic acid solution for 5

minutes, rinsed in 7 per cent ethanol, immersed in a reducing bath for

1 minute, again washed in 70 per cent ethanol and then stained in
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Schiff's solution for 2 minutes . They were then washed in running
water for 10 minutes, stained in Delafield's hematoxylin for 3 minutes,
differentiated in 1 per cent acid alcohol and washed in running water
for 3 more minutes . They were then counterstained with Orange G for

10 seconds and rewashed in running water for 3 seconds, dehydrated
in ethanol and cleared in xylene. Permount was used as the mounting
medium .

c . G-Nadi reaction . This method employed for cytochrome
oxidase activity was after Moog (1943; cited by Pearse, 1954). A
whole fresh mantle was incubated in "Nadi reagent" at 3 7 C. Two
control sections were washed in sodium azide and phenylurethane solu-

tions respectively. One section was incubated in "Nadi reagent"/
phenylurethane for 5 minutes and the other section in "Nadi reagent"/
sodium azide for the same time. All sections were washed in 0.7 per
cent NaCl and mounted in 5 per cent potassium acetate. Permanent
sections were not made.

d . Triphenyl tetrazolium chloride method . This method (after

Straus et al_; cited by Pearse, 19 54) is used to localize succinic

dehydrogenase activity. Fresh whole mantle was washed in phosphate
buffer at pH 7.2, and then incubated in TTC at room temperature for 3

minutes . After incubation the section was again washed in the buffer

solution and fixed in neutral formalin for 2 hours .

OBSERVATIONS

Histology of Mantle Epithelium

The shell-depositing, outer epithelium of the mantle consists

largely of columnar epithelial cells with a small central nucleus .

Most of these cells measure about 7 microns wide by 41 high; the

nucleus has a diameter of 6 microns. In the region of the mantle edge,
however, these cells are 4.5 microns wide by 5 high. Near the

pallial line there are a large number of mucous gland cells but these
decrease in number toward the umbo of the shell . The inner epithelium
of the mantle, which lines the mantle cavity, is made up of cuboidal
cells (11 microns wide by 15 high) with a relatively large central

nucleus (diameter, 7.5 microns). The tissues in most of the mantle,
that area between the pallial line and the umbo region, consist chiefly
of connective and vascular tissue between the two epithelial layers .

Distal to the pallial line the mantle thickens . This distal portion of

the mantle, the pallial border, includes additional tissue. Muscular
elements of the border, mucous cells and other secretory cells are
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conspicuous . Epithelial cells of the mantle edge stain darker with tolui-

dine blue O than do those cells proximal to the pallial line.

There are two types of mucous cells. One is cuboidal, occurring
in the cuboidal epithelium and in the connective tissue beneath both
cuboidal and columnar epithelium. The other type of cell is narrow and
flask-shaped with along apical region terminating in a small bulb-shaped
tip. This mucous cell type is found most often in the columnar epithelium.

The periodic acid-Schiff reaction shows concentrations of Schiff-

positive material around the groove between the sensory and muscular
folds and in the pallial muscle fibers . The loose connective tissue also
shows appreciable amounts of Schiff-positive material.

The epithelium of the outer surface of the mantle along the distal

border forms a very irregular, almost corrugated surface in histological
sections . The proximal portion of the outer surface of the secretory fold

is also "corrugated," while the distal outer surface appears smooth.

The epithelial cells of the secretory fold are columnar and con-
tain both basal and apical granules. At the tip of the fold, the nuclei
of the epithelial cells are basal. Cells of the inner surface of the

secretory fold, forming the periostracal groove with the cells of the
outer surface of the sensory fold, are narrow, about 4.5 microns wide
and 20 to 3 high, with basal nuclei up to 4 microns in diameter.

Epithelial cells of the outer surface of the sensory fold are
small and cuboidal, while the cells of the inner surface tend to be more
columnar, with a basal nucleus. Heavy concentrations of mucous cells
underlie the epithelium of the sensory fold .

Both inner and outer surfaces of the muscular fold are comprised
of cuboidal epithelium. Large numbers of mucous cells, which dis-

charge mucus to the outer surface through many narrow channels, occur
in the basal portion of the epithelium. Underlying the inner-surface

epithelium there is another relatively heavy concentration of mucous
cells which are distinct from the basally occurring concentrations.

The fourth fold (Fig . 1 ), possibly unique to Mercenaria mercen -

aria L . and related species, is smaller and more blunt than the other
folds. Its distal edge is oriented opposite to the direction of the other
three folds and overlaps a prominent ridge, SR, bordering it. The
fourth fold contains a large amount of granular mucus .
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Enzyme Activity

Cytochrome oxidase activity was demonstrated most markedly in

the central area enclosed by the pallial line and in the outer edges of

the mantle folds . It was relatively sparse or absent elsewhere in the

folds .

Succinic dehydrogenase activity, as demonstrated by a red

coloration, was also most marked within the area of the mantle enclosed

by the pallial line . The groove between the sensory and muscular folds

was also high in succinic dehydrogenase activity.

DISCUSSION

Generally, the lamellibranch mantle edge is considered to be
divided into three folds (Beedham,1958; Morton, 1958). The presence
of a fourth fold in the mantle of Mercenaria mercenaria L. is, there-

fore, significant and is reported here.

According to the late Dr. Thurlow C. Nelson (personal com-
munication), the quahog, when exposed to air, is able to void mud and
other debris without the use of the siphons . The mud is always mixed
with large amounts of mucus. Dr. Nelson suggested that the fourth

fold might function in this process .

The staining techniques (toluidine blue O and PAS) have
revealed a heavy concentration of mucus in the fourth fold and in the

ridge which is covered by the fold in fresh material. Since it has been
observed in opened specimens that these portions of the mantle edge
copiously secrete mucus and that debris collecting in their vicinity
becomes coated with mucus, this mucus apparently aids in consolidating
debris that collects around the periphery of the mantle. It is assumed
that the mucus-coated debris is voided by ciliary and muscular action
of the mantle edge .

The significance of the localization of cytochrome oxidase and
succinic dehydrogenase activity is not clear at this time, except that

these enzymes are associated with the energy-producing Krebs cycle
(see Wilbur, 1960, for a review of energy relations in bivalve mantles).
The observations reported here are only preliminary and much more work
with the enzyme systems of M . mercenaria has to be done . The ultimate

objective is to determine seasonal activity as well as sites of activity.
When this has been done, perhaps a clearer picture of the role of the

mantle in such functions as shell secretion can be obtained.
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CONCLUSIONS

1 . There is a fourth fold of the mantle edge of M_. mercenaria . It

is possible that this fold aids in voiding debris through copious
secretion of mucus .

2 . The histology of the epithelium in different regions of the mantle

and two types of mucous gland cells, a cuboidal type and a

flask -shaped cell, are described,

3 . Transverse sections of mantle treated with toluidine blue O
showed differences in the staining reactions to this stain in

different regions of the mantle . Large mucus deposits were
localized in the fourth fold and mucous gland cells were evident

in the epithelium .

4. Schiff-positive material was found to be localized primarily in

the connective tissue and pallial muscle fibers, and around the

groove between the sensory and muscular folds .

5. The G-Nadi reaction for cytochrome oxidase and the TTC method
for succinic dehydrogenase activity were performed on fresh

mantle. Cytochrome oxidase activity was found to be most
marked in the region from near the hinge to the pallial line and
in the distal portion of the pallial border folds . Succinic dehydro-

genase activity was most clearly demonstrated in the area behind

the pallial line and at the juncture of the middle and inner mantle

folds .
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EFFECT OF PESTICIDES ON OYSTERS

Philip A. Butler, Alfred J . Wilson, Jr., and Alan J . Rick

U.S. Bureau of Commercial Fisheries,

Sabine Island Biological Laboratory,
Gulf Breeze, Florida

ABSTRACT

The objective was to develop reliable methods for detecting
harmful effects on oysters that might be caused by sub-lethal concen-
trations of chemical substances commonly used in pest control. Special

equipment recorded simultaneously and continuously the shell movements
of ten oysters exposed to low concentrations of test chemicals and ten

control oysters. Percentage decrease in activity of test oysters was
measured. Shell growth of one-year-old oysters was found to be a more
useful index than shell movement. Thresholds for inhibition of shell

growth were determined for 11 pesticides, of which all showed effect on

growth after 24 hours' exposure to one part per million and three

(chlordane, heptachlor and rotenone) were effective at concentrations
as low as one part in 100 million.

INTRODUCTION

The continued and greatly expanding use of chemical pesticides

has made it vital that their activity and eventual fate in the natural

environment be better understood. In recent years, more than a billion

pounds of chemicals have been used annually in forests, farms and

homes in the war against arthropods, rodents, fungi, and weeds. For

the most part we know the initial effects of these chemicals, what
animals they kill or what plants they control. However, we know very
little of their secondary effects . It is probable that many of these sub-

stances and their possibly-more-toxic oxidation products find their

way into watersheds and eventually into estuaries and the coastal

waters. These coastal waters provide either the temporary or permanent
home for a large majority of our commercially important species of

marine animals . Despite extensive research on the effects of pesti-

cides in the aquatic environment, their role in marine waters is still

virtually unknown.

The possible effect of these chemicals on oysters and other

sedentary molluscs is of particular interest. Oysters are able to build

up concentrations of some trace elements and compounds within their

tissues several thousand times over that of the surrounding waters.
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Whether the storage of such chemicals harms the oyster in some way or

interferes with its growth, reproductive potential and vitality is not

known. If oysters should concentrate chemical pesticides in their

tissues, their suitability for human consumption would become suspect.

The oyster, in contrast to motile animals which can escape by
swimming away, must submit to whatever changes take place in its

environment. If changes should result from foreign chemicals in low

concentrations, their specific effects might be difficult to identify.
The oyster itself may be unaware of their presence. In objectionable
concentrations, of course, the oyster responds by closing its valves

for a more or less extended period of time and hence may avoid harm

completely .

Our purpose in this investigation has been to develop reliable

methods for identifying deleterious effects on oysters, C_. virginica ,

resulting from exposure, over relatively long periods of time, to sub-
lethal concentrations of chemicals used in pest control.

We are indebted to Lester W. Wolf of this laboratory for assist-

ance in preparation of some of the figures .

METHODS

Initially, standard methods of bioassay were utilized for

screening some of the more important pesticides to select those having
acute effects on oysters at relatively low concentrations . Small year-

ling oysters were placed in 4 0-liter aquaria of standing water containing

graduated concentrations of commercial pesticide formulations. Dis-

posable plastic liners were used in the aquaria to avoid contamination
from one series of tests to the next.

The oyster's ability to avoid the environment by closing its

valves made it impracticable to establish standard lethal dose concen-
trations . Instead, such subjective criteria as shell gape and amount of

fecal production were used to gauge the oyster's reaction.

For more critical analyses of toxic reactions in the oyster, shell

movement was tested as a criterion of well-being. On the basis of past

experience, it was felt that deviations from the normal patterns of acti-

vity on the part of the oyster when subjected to various pollutants could

be readily detected .
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The recording equipment was modified so that shell movements
of twenty mature oysters could be recorded simultaneously (Fig. 1).

Ten oysters were exposed to a constant flow of sea water approximating
17 liters per hour per oyster. The remaining half received the same
amount of sea water plus a specified amount of chemical pollutant.

The test chemical was made up in a concentrated stock solution

in acetone which, by itself, had no demonstrable effect on oysters at

the concentrations used. This pesticide solution was metered intc a

mixing chamber by means of a calibrated stop-cock and flowed from there

into the test aquarium .

Chemicals were used in as pure form as could be obtained com-

mercially; experimental dilutions were made on the basis that they were

100 per cent pure. Some formulations contained more or less inert

material and, consequently, the effective dilution in these instances

was correspondingly greater.

Continuous kymograph recordings of shell movements showed
when oysters were closed, or open and presumably feeding, as well as

the degree of "normalcy" of the movements. It is possible to compare
the degree of activity of control and experimental oysters by a simple
calculation based on the number of hours each oyster was open as com-

pared to the total number of elapsed hours .

As an additional check, containers of 3 measured spat (Fig. 1,K)

were placed so as to receive the discharge from the experimental and

control oyster aquaria . These spat were measured each week to deter-

mine linear growth increments .

After completion of the first series of tests, it was apparent that

measured increases in spat growth provided data that were not only more

critical but also easier to obtain and more susceptible to statistical

analysis. Consequently, additional equipment was arranged to provide

data on growth rates only (Fig. 2).

Yearling oysters, approximately 1.5 inches in length, were filed

with an iron rasp so that all soft new shell growth on the valve edges
was removed. Care was taken to avoid making an opening into the shell

cavity. The oysters were measured to the nearest millimeter and indivi-

dual records maintained. Subsequent measurements were made at regular

intervals so that the daily linear increment could be identified . There

was no evidence that removal of the new shell growth by filing irritated

the experimental or control oysters . This technique insures that new growth
will be linear and can be measured. Otherwise, some growth would be

devoted to thickening of the new shell and would be difficult to assess.

-25-



r+



Fig. 2. Equipment used to expose small oysters to a continuous

flow of chemical pollutants . Control (C) and experimental (E) aquaria are

divided into compartments which do not interfere with water circulation but

permit identification of fecal material produced by individual oysters . Stock

solution of pollutant (A) is metered by stopcock (B) into mixing baffle . Sea-

water flows from constant level chamber (D) into both aquaria by ways of

baffles .
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Threshold toxicity concentrations were estimated by observing
the reactions of twelve oysters for a day . When the working dilution

was selected, fifty young oysters were used for each test in addition

to an equal number of control animals . The oysters were measured at

daily intervals for three to ten days depending on the degree of toxicity
observed .

Early rough screening tests indicated that dieldrin and toxaphene
were particularly irritating to oysters, so these chemicals were selected

for our testing program to determine the suitability of these methods for

identifying possible chronic toxicity at relatively low concentrations .

RESULTS AND DISCUSSION

The toxic effects of pesticides on oyster activity may be visual-

ized by the typical kymograph records shown in Fig. 3. Tracings of

shell movement of control animals are primarily horizontal lines indi-

cating a fairly constant shell gape while the animals are pumping water
and feeding. Intermittent snap closures to eject faeces are indicated

by the small vertical pen marks. The record of the experimental oysters
shows clearly the irregularity of the shell movements, numerous closures

and slow reopenings . Obviously, these experimental animals could not

have been pumping water efficiently.

Analyses of activity records of oysters subjected to toxaphene
and dieldrin at a concentration of 0.1 ppm are presented in Fig. 4.

The harmful effects of toxaphene (A) are clearly shown by the 7 per
cent decrease in activity of experimental as compared to control oysters
at the end of the fourth week when the experiment was terminated .

Similar but not as severe effects were observed using dieldrin. At the

end of the fifth week, experimental oysters showed only 5 per cent of

the activity of control oysters .

In both experiments, trays of small oysters (K in Fig. 1) received

the discharge from the experimental and control aquaria. Data on weekly
growth increments of these oysters (Fig. 4) show the inhibiting effect of

the pollutants clearly. For example, with toxaphene no growth occurred
in the experimental group after the second week .

It is of interest that no significant changes in the activity of

large oysters exposed to dieldrin could be detected for the first two
weeks even though growth was inhibited in the small oysters from the

start. After the fifth week of exposure to . 1 ppm of dieldrin the results

appeared to be decisive so the toxicant was discontinued . In the
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Fig. 3 . Kymograph records of ten oysters prior to exposure
(Control) and of the same ten oysters after ten hours of exposure to

1.0 ppm dieldrin (Experimental). Vertical tracings indicate shell

closures .
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Fig . 4 . Activity of large and growth of small oysters exposed

continuously to (A) 0.1 ppm toxaphene and (B) 0.1 ppm dieldrin . Acti-

vity calculated as ratio of hours open to elapsed hours; growth calcu-

lated as per cent increase in length per week.
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following three weeks it is apparent (Fig. 4, B) that both the activity of

the large oysters and the growth rate of the small animals were returning

gradually to the pattern shown by the controls throughout the test period .

Whether this return to normal is characteristic of oysters exposed to other

pesticides is not yet known. The graph (Fig. 4, B) depicts a sharp de-
crease in the activity of control oysters during the seventh week . This

was correlated with a marked decrease in water temperatures for that

period .

In the last series of observations, data on the growth rate of

small oysters exposed to a series of chemical pesticides were collected

as described earlier and shown in Fig. 2.

Table 1 lists the common pesticides tested to date which, at the

indicated concentrations, affect oyster growth rates within a period of

24 hours . In all cases, growth rates were at least 35 per cent, in some
cases 100 per cent, less than the control group. It is reasonable to

assume that even greater dilutions might have had deleterious effects

after longer periods of exposure. In all of the testing program, it was
found that the first objective criterion of toxicity to appear was the

decrease in shell deposition.

Table 1 . Common pesticides which inhibit the growth of young oysters
after 24 hours' exposure

Chemical and per cent

active ingredients

Minimum effective concentration

in parts per million

Aldrin



CONCLUSIONS

1. Yearling oysters are suitable bioassay animals for evaluating
chemical pollutants in the marine environment.

2. Changes in growth rates of small oysters can be detected in

one or two days but decreases in shell activity in larger oysters may
not be obvious until after one or two weeks of exposure .

3 . Common agricultural pesticides may inhibit the activity and

growth of oysters at concentrations as low as one part in 100 million

after only 24 hours of exposure .

4. There is limited evidence that these chemicals are not stored

by the oyster and that recovery takes place when the pollutant is removed
from the environment .

5. Each of the 11 common pesticides tested has been found toxic

to oysters and would curtail growth rates severely if present in the

environment at the stated minimum concentrations for an extended period .
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MORTALITY OF INTERTIDAL AND SUBTIDAL OYSTERS IN

ALLIGATOR HARBOR, FLORIDA 1

by

2
F. E. Nichy and R. W. Menzel

Oceanographic Institute, Florida State University

ABSTRACT

Mortality of oysters enclosed in wire pens to exclude predators,
and of oysters exposed to predation, was observed weekly from 19 March to

22 October 1955. Oysters were at three levels, 22 and 7 cm above and 15
cm below mean low water level, at a natural oyster reef in Alligator Harbor,
Franklin County, Florida, where the natural population is confined to the

vertical zone from 5 to 45 cm above mean low water. Mortality at the top
level was nearly equal in penned and exposed oysters, and was highest in

hot weather when internal temperatures of oysters exposed to the sun at

low tide reached 37.6 C. Few penned but many exposed oysters died at

the middle and bottom levels, the lowest level having the highest mortality
of uncaged oysters, over 60% per month. Examination of shells showed
that at least 75-80% of the deaths at the middle and bottom level were
caused by predators, primarily the whelk Busycon contrarium and second-

arily xanthid crabs.

INTRODUCTION

An attempt to explain the reasons for the confinement of oysters,
Crassostrea virginica , to the intertidal region in southern high salinity

areas has resulted in several opinions. Oemler (1894) thought that, in

the south, oysters could not live continuously submerged in very saline

waters. Grave (19 05) and McNulty (1953) considered that intense

fouling of cultch below mean low water prevented subtidal spatfall and
survival. Loosanoff (1932), Mackin (1946), and Menzel (1955) found

that spatfall was most abundant in the intertidal zone and near the level

of mean low water. Several investigators have found that predators

prevent survival of oysters below mean low water in southern high

salinity areas (McDougall, 1943; Chestnut and Fahy, 1953; Marshall,

1954).

1 Contrib. No. 176, Oceanographic Institute, Florida State University .

2 Present address: U . S . Fish and Wildlife Service, Woods Hole, Mass.
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Oyster mortality was studied in Alligator Harbor, Florida from

19 March to 22 October, 1955. Here all the reefs are intertidal . The

salinity ranged from 3 2 to 35 ppt during the period of study. Salinities

recorded in past years were from 28 to 36 ppt. The lower edges of the

reefs are from 5 to 10 cm above mean low water and the upper limits

from 3 5 to 45 cm. The normal tidal range is from 55 to 65 cm. Live

oysters are scarce on the lower edges and the upper levels have only a

few small oysters . The majority of the live oysters are found between
15 and 25 cm above mean low water .

METHODS

An oyster reef in a lagoon that was fairly typical of the oyster
reefs in the Harbor was used for the observations. Three stations at

three different levels were established. Each station consisted of two

locations which were about 5 meters apart at the same level. Station I

was situated about 22 cm above mean low water and about 15 cm below
the upper limit of the reef. Station II was at the lower periphery of the

reef, about 7 cm above mean low water. Station III was below the reef,

about 15 cm below mean low water. These stations are also referred to

as the upper, middle, and lower stations.

At each location of the three stations a one by two meter hard-

ware cloth mat of half-inch mesh was placed in an area cleared of

shells and oysters. One half of the mat (one meter square) was enclosed

on all sides with a one-meter-high hardware cloth fence. The enclosed

meter square area was for the control oysters and the exposed meter

square area for the experimental oysters. At least 100 oysters were
maintained at each location throughout the observations . All of the

oysters were gathered from local reefs, and were culled and stored in

the Harbor before being used in the experiment to allow for culling

mortality .

During the period of observations, March 19 - October 22, 31

examinations were made at approximately weekly intervals . The

oysters found dead were replaced with live ones . The data from the

two locations of each station have been combined in the tables .

Oysters from below and above mean low water were examined for

Dermocystidium marinum as outlined by Ray (19 52), with negative
results .
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RESULTS

The data for the experimental and control oysters at the three

stations, summarized monthly, are presented in Table 1, and the per-

centage mortality is shown in Table 2. Fig. 1 shows graphically the

percentage mortality of the experimental and control oysters at the three

levels. The mortality at the upper level station is essentially similar

for the experimental and control oysters . The high mortality that

occurred here in July and August is correlated with high temperatures

(Table 3). Prior to July 9 the water temperatures were below 32 C, with

a high of 34. 5 C on July 23 . Daily maximum air temperatures were not

taken, but often air temperatures above 35 C were recorded at the

locations during this time. During the peak of the mortality in August,
internal temperatures of oysters from the upper station, when exposed

by low water in the early afternoon, were recorded as high as 37.6 C.
Internal temperature was measured by prying oysters open just enough
to insert a thermometer .

At the middle station (lower edge of the reef), there was little

mortality in the control group, whereas mortality was high in the

experimental oysters. By examination of the dead shells, it was found

that 75 per cent of the deaths were caused by lightning whelks, Busycon
contrarium . Xanthid crabs accounted for 2 per cent of the total dead.

At the lower station, mortality in the control oysters was about

the same as at the middle station, but in the unprotected experimental

oysters mortality was very high, over 6 per cent each month except
March. In March the oysters were exposed less than half a month, and
the temperature was below 25 C. It was found, from examination of the

shells, that 80 per cent of the deaths were caused by known predation,
of which 9 5 per cent was by lightning whelks and the rest by xanthid

crabs. In the control locations, xanthid crabs frequently gained
entrance; they killed 4 per cent of the oysters found dead.

DISCUSSION

The greatest mortality occurred in those oysters that were not

protected from predators, at Station III, below the reef. High mortality

occurred also in the experimental oysters at Station II, and in both

experimental and control oysters at Station I. At the two lower stations

predation caused the greatest mortality . Non-predation mortality

proved significant only at Station I at the upper level of the reef, where
simultaneous mortality occurred in the experimental and control oysters .
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Table 3 . Water temperature and salinity of lagoon in Alligator Harbor,

26 March 1955 to 22 October 1955

Date Temperature Salinity

March 26 22.5 32.5

April 5 20.5 33.0
12 22.5 32.5

16 26.0 33.0

20 25.0 33.5

30 24.0 35.0

May 10 24.0 34.5

17 25.0 34.0

22 26.0 34.0
29 31.5 34.5

June 4 31.0 3 5.0

11 30.5 35.5

18 30.5 35.0

25 31.5 35.0

July 3 3 2.0 3 5.0

9 33.0 34.5

16 33.0 34.5

23 34.5 34.5
30 34.0 34.5

Aug. 6 34.0 34.0
12 34.0 34.0
20 34.0 33.5

28 33.5 33.0

Sept. 4 29.0 32.5
10 29.0 33.0
17 30.0 32.5

27 33.5 32.5

Oct. 1 31.0 33.0
8 29.0

15 22.5

22 22.0
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Predation is definitely a factor tending to bar oysters from the

subtidal region in this area. Continuous submersion of oysters exposes
them to extensive predation. Menzel and Nichy (19 58) found that Busycon
contrarium , the whelk, one of the most important oyster predators in

Alligator Harbor, is usually confined to below mean low water. Another

predator, the stone crab (Menippe mercenaria ) , occurs in the lower part

of the intertidal zone as well as subtidally, but feeds only when covered
with water. In the intertidal zone, when the tide is low, stone crabs

remain in their burrows under and among the oysters . Blue crabs

(Callinectes sapidus ), because of their greater motility, can be impor-
tant predators at high water at all levels of the reefs . Menzel and

Hopkins (19 55) and Menzel and Nichy (19 58) concluded that blue crabs

do not kill healthy adult oysters but do destroy weakened oysters and

spat. On August 6, 62 oysters, that were either gaping or so weak that

the shell could be opened by compressing the valves anterior to the

hinge, were suspended subtidally in the shade. Within four hours after

transfer, 14 could not be opened in the manner described above, and six

days later 10 of the oysters had survived and seemed normal. During
this period (the period of high mortality correlated with high temperatures)

many blue crabs were seen at high water on the upper levels of the reef

feeding on dead or dying oysters and it is possible that they may have
killed seme weakened oysters that might otherwise have survived .

It is assumed that the high mortalities at Station I that occurred

during the warmer months were caused by high temperatures . The upper
station was about 15 cm below the upper limit of the reef and it is

expected that mortality was even greater at the higher levels .

No detailed observations were made on spatfall during this study
but it was noticed that all of the oysters used collected spat , at all

stations . Spatfall was relatively heaviest at the lower station at 15 cm
below mean low water, and lightest at the upper level of the reef.

CONCLUSIONS

Because of the combined effects of ptedation and environmental

agencies in southern high salinity areas, there is a vertical restriction

of the extent and density of oyster populations. In Alligator Harbor,
where the tidal range does net normally exceed 65 cm, oysters are

restricted to a band from about 5 cm above mean low water to 4 5 cm
above . Predation is the factor responsible for the absence or extreme

scarcity of oysters near and below mean low water. High temperatures

during the summer when the tide is low, plus lack of spatfall, limit the

upper level at which oysters can live.
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SEASONAL CYCLE OF CONDITION INDEX OF OYSTERS IN

THE YORK AND RAPPAHANNOCK RIVERS 1

By

Dexter Haven

ABSTRACT

Five series of studies were made to test for differences in condition

index of oysters grown in the York and Rappahannock Rivers. Oysters were
cultured in elevated trays and on the bottom from 1956 through 1961. All groups
came from a single source and were selected for uniformity in size. Rappahannock
oysters showed high indices in late spring and fall with a low in late summer; the

level of condition of bottom groups was below that of trays. York River oysters
showed a peak of condition in late spring; in most years there was no increase in

quality in late fall; bottom oysters were generally of lower quality than those in

trays, but differences were not as large as in the Rappahannock. In general,
the level of quality in the York was almost always lower than in the Rappahannock.
Differences in level of index between tray and bottom oysters were not associated

with presence of Dermocystidium or Pinnotheres ostreum or with age or crowding,
but were probably the result of factors associated with the bottom.

INTRODUCTION

Quality of oyster meats is of considerable interest to commercial

growers, for it often determines the margin of profit. High quality meats
are usually plump with a creamy white color, and they generally fill the

shell cavity. In contrast meats of low quality are shrunken with a high
water content and a translucent appearance .

It has long been known that oyster meats vary greatly in quality,
but reasons for the variation are not well understood . Many complex
factors associated with the environment are involved as indicated in a

review by Korringa (1952).

In the present study "Condition Index" was selected as an

acceptable measure of quality and yield. It is defined as:

Contribution: Virginia Institute of Marine Science, Virginia Fisheries

Laboratory, Gloucester Point, Virginia. Contribution No . 104.
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In effect, condition index (C . I.) compares meats with their theoretical

maximum size, that is, the volume of the shell cavity. The higher the

numerical value for "C. I." the greater will be the amount and quality
of meats from any given bushel. In addition, G.I. may serve as a

measure of the recent physiological history of the animal, as low indices

have been shown to be associated with disease or unfavorable environ-

mental conditions .

Among factors that appear to lower C.I. are certain organisms
associated with oysters: the mud worm, Polydora websteri, according
to Lunz (1941); the parasitic fungus, Dermocystidium marinum ,

according to Ray et al_. (19 53), and unpublished data of Virginia Institute

of Marine Science; attached mussels according to Engle and Chapman
(1953); and the oyster crab, Pinnotheres ostreum , according to Haven
(1959).

Storage of reserve food, principally in the form of glycogen,
and the condition index of oysters are both related to the sexual cycle
(Medcof and Needier, 1941; Engle, 1958). Generally, along the

Atlantic coast, high condition indices occur in late spring and are

associated with an accumulation of food reserves and with developing

gonads . Indices are low in summer after spawning, but improve again

during a period of food shortage in late fall . Age apparently has some
effect on condition (unpublished data, Virginia Institute of Marine

Science) . Examples of environmental conditions that may influence

meat quality are: crowding and available food (Korringa, 19 52), water

depth (Nelson, 1950, and Loosanoff and Engle, 1942), low salinity

(Engle, 1946, and Beaven, 1946), and character of the bottom (Ito and

Imai, 1955).

In many previous studies it is difficult to attribute observed
differences in index to known causes . Frequently the past history of

oysters was unknown, and consequently indices were subject to

unknown sources of variation. The present study, begun in 19 56, was
designed to eliminate or compensate for several known sources of

variation .
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DESIGN OF EXPERIMENT

Comparative studies were made of condition index of oysters
cultured in trays and on the bottom at four selected areas: the upper
York River at Purtan Bay, lower York at Tillage's Gloucester Point oyster

planting, upper Rappahannock at Garrett's Bowler Wharf oyster planting,
and in the lower Rappahannock at Urbanna (Fig. 1 and Table 1). Tray
and bottom stations were occupied in the lower York and Rappahannock
Rivers during the entire study, with the exception of the 1957-58 season,
when bottom oysters were not placed in the lower Rappahannock. Tray
and bottom oysters were cultured in the upper York and Rappahannock
Rivers during the 19 58-59 season only.

Table 1 . Location of stations in York and Rappahannock Rivers

Station



17*

Fig . 1 . Location of all stations occupied during study in York,

and Rappahannock Rivers .
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I. Transplanted June 1956, sampled September 1956 through

June 1957

II. Transplanted March 19 57, sampled June 19 57 through

June 1958

III. Transplanted March 19 58, sampled April 19 58 through

August 19 59

IV. Transplanted March 19 59, sampled April 19 59 through

September 1960

V. Transplanted March 1960, sampling in process

In the 19 57-58 studies (Series II), on the lower York River,

triplicate trays 150 feet apart were maintained, instead of the usual

single tray. Seasonal data for this station are represented by mean
values from the three trays . Data from these trays were also used to

study possible variation of C . I . over relatively short distances .

During each season, control studies were carried out at various

commercial oyster grounds in both rivers . Twenty-five market-sized

oysters were dredged from 16 public grounds in the York and Rappa-
hannock Rivers during the winter and condition indices were determined

(Table 7).

In review, the attributes of this experimental design are:

1 . Culturing oysters in trays minimizes variability due to

bottom types or deposits, to the local effects of bottom

topography, and other benthic factors. Tray oysters

might reasonably show the potential C. I. of any region.

Experimental oysters on the bottom serve to relate tray

to bottom conditions .

2. Experimental lots for any single series were made up by
random selection from a group of uniform size taken from

a point source. This technique gave the best assurance
that initially the variation and mean C . I . of each lot

would not be significantly different. Thus mean differences

in C . I. of the processed oysters in the following period of

experimentation are more likely to be due to local environ-

mental conditions than to possible initial variation and

mean differences .
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3 . Each group of oysters is followed for only about 14

months . This restricted time period helps prevent large
differences in such factors as size and rate of infection

with parasites, which might develop if the oysters were
held for longer periods .

4 . The transfer of experimental groups from the James to the

stations by March of each year avoided movement during

periods of shell and meat growth. However, it must be

stated that in March, indices of Wreck Shoal oysters may
range from 4 . to 5.5, and there was generally an initial

rapid increase in condition indices after transplanting.

LABORATORY PROCEDURE

Techniques for determination of C . I . reviewed by Galtsoff et al .

(1947) were somewhat modified. In the regular monthly sampling, 25

oysters were processed as a unit. Each oyster was drained exactly one
minute after shucking. After draining, all 25 meats were placed in a

single aluminum foil dish and dried at 87 C to a constant weight. Shell

cavity volume was determined in the usual manner, by calculating the

differences in displacement between the entire group of oysters and
their empty valves .

At times of expected maximum and minimum fatness, 25 to 55

oysters were processed individually. The shell cavity volume for each

oyster was determined, and the meat dried individually in a small glass

petri dish. The mean condition indices of individually processed
oysters were tested by the t or t^ tests to adjudge possible significant
differences (Tables 2, 4, 5, and 6).

Incidence of pea crabs (Pinnotheres ostreum ) was noted during
the processing of samples . In the late fall of each year small tissue

slices were obtained for study of Dermocystidium infections . Incidence

of these two oyster parasites was observed to determine their possible
influence on condition index.
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RESULTS

Seasonal Cycles of Tray and Bottom Oysters

Lower York River (Tillage's): Monthly samples of tray and
bottom oysters indicated a definite seasonal cycle (Fig. 2). Both

groups had the highest C.I. during May, June, and early July, fol-

lowed by a decline in quality during mid-summer. After the spawning
season there was little increase in quality and both groups of oysters
went into the winter period with about the same C.I. they had shown
in late summer .

8-
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Fig . 2 . Seasonal condition index cycles for four series of tray

(open circles) and bottom (solid circles) oysters grown at Tillage's

oyster ground in the lower York River .

The seasonal curves suggest that during the 1957-58 and
1959-60 seasons, tray oysters were of better quality than those from

the bottom. However, the series for 19 56-57 and 1958-59 indicated

little difference between the two groups .

Composite curves based on mean values for the four series

(Fig. 3) illustrate the points previously outlined: maximum indices in

May and June and the apparent absence of comparable fattening during
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Fig. 3. Composite curve showing mean seasonal condition

index cycles for the four series of tray (open circles) and bottom (solid

circles) oysters at Tillage's oyster ground in the lower York from 19 56

through 1960.

fall and winter. They also show an apparent superiority of tray-cultured

oysters over those grown on the bottom. However, statistical analysis
on individual oysters indicates that bottom oysters were significantly
lower in quality in only two out of seven comparisons (Table 2).

The three trays placed 150 feet apart in the lower York in 19 57

were sampled regularly as groups from March through November, and

individually on December 3 0, 1957 (Table 3). Mean values showed
small differences . In the statistical analysis of individual oysters
made in December, mean differences between the three trays were not

significant (Table 2).

Upper York (Purtan Bay): Studies were made through one season,
from April 19 58 through July 19 59, in this area. The seasonal cycle

(Fig. 4) appeared similar to that found in the lower river. There was a

single peak of quality in the spring, followed by a decrease in summer
and little change during fall and winter. The bottom oysters showed a

peak of very short duration, while those in the tray remained in good
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Table 3. Condition indices for three trays 150 feet apart, York River

Date



condition through July. Again, as in the lower river, tray oysters
seemed to be of better quality than bottom oysters, but only the August
1958 values were significantly different (Table 2).

Lower Rappahannock (Urbanna): In contrast to values obtained
in the York, condition indices of Rappahannock tray oysters indicated

a definite bimodal seasonal curve (Fig. 5). There was a high during

May, June, and early July, and a decrease during late summer.

1958-59

Fig. 5. Seasonal condition index cycle for four series of tray

(open circles) and bottom (solid circles) oysters grown at Urbanna in

the lower Rappahannock .

A second maximum in late fall or winter approximated the spring peak
in amplitude. In June 19 58 and in the winter of 19 59 bottom oysters did

not show a seasonal increase in condition index comparable to that

shown by the tray oysters . Composite curves based on all available

data (Fig. 6) illustrate the seasonal bimodal curve for both sets of

oysters .

Bottom oysters appeared to have a consistently lower index

than tray oysters . Comparison of mean values for condition indices of

individually processed tray and bottom oysters at expected periods of

maximum and minimum fatness showed that, with one exception, tray

oysters in the lower river stations were significantly of better quality
than bottom oysters (Table 4).
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APR JUN AUG OCT DEC FEB APR JUN

Fig. 6. Composite curve showing mean seasonal condition

index cycles for the four series of tray (open circles) and three series

of bottom (solid circles) oysters at Urbanna in the lower Rappahannock
from 1956 to 1960.

APR OCT DEC FEB APR AUG

Fig. 7. Seasonal condition index cycle for tray (open circles)

and bottom (solid circles) oysters grown at Garrett's oyster ground in

the upper Rappahannock from March 1958 through July 1959.
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Upper Rappahannock (Garrett's): Oysters grown in trays showed
a bimodal seasonal index curve (Fig. 7) similar to that for the lower river.

The maximum for late fall and winter, however, was more prominent than

that for the spring. In this respect the upper river differed from the lower.

Again, as in the lower river, curves for tray and bottom oysters
followed similar trends, with bottom oysters apparently indicating a

consistently lower index. Statistical studies of individual oysters
showed that differences in the mean condition indices between tray and

bottom groups were significant during spring and winter, but no difference

was apparent in late summer (Table 4).

Comparison of Tray Oysters in the Two Rivers

The curves in Fig. 8, which show four year averages for tray

oysters in the two rivers, suggest that those cultured in the lower York had

a consistently lower condition index during the winter months than those

grown in the lower Rappahannock. During spring and summer, possible
differences between the two groups were not obvious . Statistical com-
parisons at periods of maximum and minimum fatness confirm these obser-

vations (Table 5). During each of the four winters, York River tray oysters
were significantly lower in quality than those in the Rappahannock . No
differences were evident during early spring and only one of the two tests

in late summer showed York River oysters to have a lower index.

12



Table 5. Statistical summary of the groups of tray oysters processed

individually for condition index in the York and Rappahannock
Rivers

Date



If curves for the upper rivers in the 19 58-59 series are compared

(Figs. 4 and 7) it is seen that tray oysters in the upper Rappahannock
were unquestionably superior.

Comparison of Bottom Oysters in the Two Rivers

Statistical comparisons (Table 6) show that in two out of three

winters, bottom oysters in the lower Rappahannock had higher indices

than those grown in the lower York . Comparisons during the spring of

19 58 show those in the lower York to be superior, while no difference

was evident in the spring of 1957. In the summer of 1958 a single

comparison showed bottom oysters in the Rappahannock to have higher
indices .

Experimental and Commercial Oysters

Extensive studies on oysters from public oyster rocks were made
as a basis for comparison with experimental results . Samples of 25

oysters each were taken from beds that covered the range of commercial

oyster production in both rivers . Condition indices were determined in

winter when oysters were being harvested for market. Results are

summarized in Table 7 .

Between March 19 56 and January 196 0, York River oysters from

commercial plantings showed little trend in C . I . up or down river, and

no large variation from year to year . During this entire period many
indices were below 6.0 and it is our experience that oysters with

indices ranging around 5.5 are not desirable from an economic stand-

point. Generally meats from these oysters are flaccid, semi-transparent,
and with a high water content. Yields as reported by oystermen are

usually about four pints of meats per "culled" bushel. During the winter

of 1960-61, however, there was a distinct change in quality and yield

of York River oysters indicated by an increase in indices in the Decem-
ber 1960 samples. Oysters reached a six-year high in quality, but as

in previous years indices were below those in the Rappahannock.

Comparable studies in the Rappahannock showed indices con-

sistently higher than in the York, oysters being of average or above

average quality. Again, as in the York River, quality and yields reached

a six-year high during the winter of 1960-61, as indicated by the

December 1960 samples.
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Table 6 . Statistical summary of the groups of bottom oysters processed
individually for condition index in the York and Rappahannock
Rivers

Date



Table 7. Condition index of composite samples from public oyster beds

York River



When oysters from the public oyster rocks (Table 7) were com-

pared with the bottom oysters planted in the experimental study (Table

6 and Figs. 2 and 5), the latter showed higher indices in both rivers.

Differences were smaller in the Rappahannock than in the York . These
differences are possibly due to the greater average age of the oysters
from the natural rocks .

Effects of Oyster Pests on Conditions

In the course of the laboratory work, mature stage V pea crabs

(Pinnotheres ostreum ) were removed from the oyster samples and counted.

This parasite has been shown to lower condition index (Haven, 1959).

Rates of infestation in experimental oysters (Table 8) show that presence
or absence of the pest did not account for differences between tray and

DOttom oysters. For instance, in the Rappahannock, where maximum
differences between the two groups were obtained, tray oysters showed
more crabs but higher condition index than did the bottom oysters .

Infection with Dermocystidium marinum has also been associated

with lower condition index (Ray et al., 1953). Tests for this fungus
were made during fall collections. Results (Table 9) indicated that

incidence in bottom oysters was only slightly higher than in the trays .

Detailed study in the series of oysters processed individually indicate

that, even if the few infected oysters were removed, the large differences

in C . I. between tray and bottom oysters would remain. However, it is

emphasized that differences in condition index between stations, between

rivers, and between years are very probably subject to large variation

from Dermocystidium . This statement is based on studies by Andrews
and Hewatt (19 57), who demonstrated that rates of infestation with the

fungus may vary with the season and with geographic location and, as

previously pointed out, incidence of the fungus has a definite influence

on condition index.

Fifth Series of Tray Bottom Studies

Data for the fifth series were not completed in time for inclusion

in this report, but preliminary results can be briefly summarized. In

the Rappahannock at Urbanna, tray and bottom indices confirmed pre-

vious findings; however, both groups showed indices higher than in

the previous five-year period .

In the York, tray and bottom oysters still maintained the same
relation to each other as previously outlined, with the tray groups

apparently having a slightly higher index. Indices of the York River
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Table 8. Percentage of oysters containing stage V Pinnotheres ostreum

Station Tray Bottom

First Series 1956-57

York - Tillage's 8.4 16.7

Rappahannock - Urbanna 6.5 5.7

Second Series 1957-58

York - Tillage's 17.1 22.2

Rappahannock -Urbanna 7.5 X

Third Series 1958-59

York - Tillage's 8.1 10.9

York - Purtan Bay 9.0 3.6

Rappahannock -Urbanna 5.2 2.8

Rappahannock - Garrett's 5.3 2.8

Fourth Series 1959-60

York - Tillage's 8.0 5.6

Rappahannock -Urbanna 7.2 6.4

Table 9 . Weighted incidence* of Dermocystidium marinum in oysters

Station Tray Bottom

Second Series 1957-58
(tested Oct. 1957)

York - Tillage's 0.48

Rappahannock -Urbanna 1.17

Third Series 1958-59

(tested Sept. 1958)

York - Tillage's 0.00 0.40
York - Purtan Bay 0.00 0.16

Rappahannock -Urbanna 0.00 0.28

Rappahannock - Garrett's 0.00 0.00

Fourth Series 1957-60

(tested Oct. 1959)

York - Tillage's 0.76 1.00

Rappahannock -Urbanna 1.12 0.96

* See Andrews and Hewatt (19 57).
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oysters remained below those in the Rappahannock, as in the previous

period; however, they also reached a five-year high in quality with

indices averaging about 1 .5 units higher. The only departure from the

general pattern was that both tray and bottom oysters in the York, showed
a high condition index during the fall and winter of 1961 which was
almost equal to the spring peak .

DISCUSSION

An analysis of causes of variation in condition index with season
or among stations was not the primary purpose of this study. The intent

was to determine whether there are seasonal cycles, and if so, whether
seasonal cycles vary with geographic location, with method of cultiva-

tion, or from year to year.

The seasonal condition cycles in the two rivers were not similar

during most of the study. In the Rappahannock the bimodal curve demon-
strated by tray and bottom oysters was the same as that typically found
in Canadian waters by Medcof and Needier (1941) and in upper Chesapeake
Bay by Engle (19 58). The relationship of this typical curve to the sexual

cycle and to food storage has been discussed by the previously cited

authors .

The dominance of the spring peak of index shown by York River

oysters during the 1956-1960 period did not agree with results of a

previous study by Galtsoff et a_l. (1947) on the possible influence of

sulfate pulp mill wastes on oysters in the York River. Seasonal data

from that report, on per cent dry weight of oyster meats for nine

locations in the York River from 193 5 to 1937, indicated about equal

quality during spring and fall. In contrast, during the present study,

equal indices in spring and fall were indicated only during the winter

of 1960-61, or in only one out of the five series of tests.

The numerical value for index varied seasonally, but perhaps
the most important consideration was that, regardless of seasonal

variation, York River tray and bottom oysters appeared to have a con-

sistenly lower index than those in the Rappahannock during the winter.

It is not possible now to give reasons for this variation, but certainly
dissimilar environmental conditions are indicated . One of the most
obvious differences is indicated by Table 1, which shows a higher
mean salinity at Tillage's in the lower York, when compared to Urbanna
in the lower Rappahannock. However, it is not possible to state that

salinity per se is responsible for observed differences in indices

between the two areas, and undoubtedly a complex of environmental
factors associated with salinity are involved.
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The increase in the condition indices of all experimental and
commercial groups in both the Rappahannock and the York during the

winter of 1960-61 to a six-year high is of great interest. It indicates

that the generally lower indices noted during the four previous years
are not permanently associated with the two rivers . Environmental

changes may occur which influence both rivers simultaneously, but

it is noted that indices in the lower York were still below those of

comparable groups in the lower Rappahannock.

Various factors have been considered as responsible for the

lower index of bottom oysters in comparison to those grown in trays .

Higher incidence of the oyster crab (Pinnotheres ostreum ) and

Dermocystidium have been eliminated as possible causes . Frequent

inspection of the bottom by means of diving gear demonstrated that

bottom oysters were never as heavily fouled or as crowded as those in

trays, so these variables probably do not account for observed dif-

ferences. The method by which oysters were selected for the tray and
bottom groups eliminates age, size, or variation in source as causes
of differences between indices . It is concluded that variables not

measured in the present study, but which are associated with the

bottom environment, are responsible.

Theoretically, it appears logical that bottom oysters may be

subject to higher turbidity loads than tray oysters, thus reducing

feeding rate and consequently condition index. Supporting evidence is

given by Loosanoff and Engle (1947), Loosanoff and Tommers (1948),

and Lund (19 57), who state that an increase in turbidity caused by
microorganisms or by inanimate matter usually causes a decrease in

pumping rate and, therefore, feeding. Harmful substances accumulated
and released by bottom deposits may be detrimental to growth, as out-

lined by Ito and Imai (1955). Or tray and bottom oysters may be affected

by differences in current velocity or available food (Lund, 1957).

An important aspect in the comparison of tray and bottom oysters
is their possible utility in future studies involving condition index. It

is obvious that both tray and bottom groups may show similar seasonal
trends at a single station, but their level of condition index may be

completely different. Therefore, in future studies the use of both groups
is clearly indicated .

Bottom oysters will be of use in estimating the level of condition

index in commercially grown oysters . However, because of the variable

nature of the bottom, replicate groups should be placed randomly in each
test area .
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Tray oysters should necessarily be included in future studies as

they probably show the potential of the water in an area to produce

oysters of higher quality, eliminating many "bottom effects." In addition,

differences in levels of indices between tray and bottom groups give an
estimate of the intensity of the influence of bottom conditions .

Oysters grown in trays are frequently used by biologists to

estimate growth and mortality, and present data indicate that tray oysters

may have more meat per unit of shell cavity than those grown on the

bottom. In addition, data to be reported in another paper indicate that

tray oysters may have the more rapid growth rate. Consequently, the

present study indicates that results obtained from tray studies should

not be related to bottom-cultured groups without an adequate knowledge
of the possible differences between the two groups .

Seasonal information obtained from both tray and bottom studies

will aid commercial growers. Andrews and Hewatt (19 57) state that

James River seed oysters tend to reach maximum biomass on the basis

of shell weight in June, about 24 to 36 months after setting. In the

York River, condition index generally reaches a seasonal high during

June and consequently yields and meat quality are highest during this

month. Therefore, spring harvest of York River oysters is certainly
indicated .

In the Rappahannock, data suggest that yields of meats per
bushel and quality will be about equal during spring and fall . There-

fore, oysters should be harvested in June if this season corresponds
with maximum biomass. If harvest is delayed until fall, then it should

not be attempted before October.

Although spring harvest of oysters is most practical for bio-

logical reasons, consumer demand may be low in the spring when
oysters are in peak condition. A possible solution to this dilemma
would be to freeze or process oysters harvested in June for consumption
in winter when demand is high .
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THE OFFSHORE CLAM FISHERY OF NORTH CAROLINA

H.J. Porter and A. F. Chestnut

University of North Carolina Institute of Fisheries Research
Morehead City, N. C.

ABSTRACT

Several years of exploratory fishing off the North Carolina coast, with
several kinds of clam dredges, has shown that the southern quahog, Mercenaria

campechiensis Gmelin, occurs there in commercial quantities. The "Fall River"

type of clam dredge used by the "Silver Bay" in November, 1959, proved best
for commercial exploitation.

An active fishery by 12 boats from January to March, 1960, yielded a

total catch of 1, 162, 333 lb or 4,831 lb per boat per day. The largest single
day's catch by one boat was 9,800 lb.

The principal clam bed fished lies between Cape Lookout and Beaufort
Inlet in 30 to 40 feet of water, and apparently has a substrate of very fine silt and

clay. Dredging records indicate a density of one clam per 40 to 60 square feet.

Clams average 3.5 to 4 inches long and weigh about one pound each. Samples from
various locations showed little variation in average size of clams. Between 69 and
76 per cent of the clams were female. In February and March clams had apparently
ripe gonads and few were spawned out. The commensal nemertean Malacobdella
was seen in the mantle cavity of many offshore clams.

INTRODUCTION

A new mollusk fishery began in North Carolina in 1960 with

dredging of the southern quahog, Mercenaria campechiensis Gmelin,
in the ocean off Cape Lookout and Beaufort Inlet. Offshore explora-
tion to determine the abundance of M. campechiensis was begun in

19 53 and continued intermittently under guidance of the University
of North Carolina Institute of Fisheries Research, financed by the

North Carolina Department of Conservation and Development. Later
the U.S. Bureau of Commercial Fisheries continued exploratory
activities. By the end of 1959 several beds were located and a pro-
fitable method of fishing the clams had been found. The developed
fishery is primarily a winter one, providing work for some of the

larger shrimp boats between shrimp seasons. This is one of the few
cases in which a new fishery is well documented from the beginning.

-67-



Mercenaria campechiensis has a shell generally larger, thicker

and rougher than that of the northern quahog, Mercenaria mercenaria
Linnaeus . Mercenaria campechiensis lacks a smooth central area on
the outside of its shell, present in M_. mercenaria , and its lunule

usually is as wide as long. The interior of the shell is white, rarely

showing the purple markings usually present in M_. mercenaria . The

posterior angle of the pallial sinus is more acute and the teeth on the

inner margin usually are finer than in M . mercenaria . The meat generally
is darker than that of M . mercenaria . The geographic range of Mer -

cenaria campechiensis is from Chesapeake Bay to Cuba and Mexico
(Abbott, 19 54). Major beds are known off North Carolina and may occur
also in the Gulf of Mexico.

Previously, the only real commercial fishery forM_. campechiensis
has been on the west coast of Florida. From 19 08 to 1943 a major fishery
existed off Marco, Florida, and produced as many as 138,500 bushels of

clams in one year (Power, 1958). This major bed is no longer fished

commercially (Menzel, 1960, personal communication) .

North Carolina fishermen report that a New Jersey oyster schooner

dredged a load of clams from the Bogue Inlet area (Fig. 1) about 3 years

ago. The clams were too large for the market so dredging was discon-
tinued. Fishermen have reported occasional catches of live M_. cam -

pechiensis when trawling for shrimp and fish off North Carolina, and
live clams are often washed up on beaches after severe tropical storms .

DEVELOPMENT OF THE FISHERY

In January 19 53, the "Irma Gene" from New Jersey, fitted with a

hydraulic clam dredge, was hired by the North Carolina Department of

Conservation and Development for exploratory clam dredging in the

deeper waters of the sounds and in offshore waters of North Carolina .

The dredge, pictured and described by Ropes and Martin (1960), was of

a type used off the New England and middle Atlantic Coasts for harvesting

surf, hard, and mahogany clams (Spisula solidissima Dillwyn, M .

mercenaria , and Aictica islandica Linne) on sand bottom. It is con-
structed with a 4 0-inch cutting bar preceded by a manifold with nozzles

through which water is forced. The jets of water loosen the sand to

facilitate catching clams. During the two-week period of exploration,
one day was spent working offshore between Beaufort Inlet and Cape
Lookout (Fig. 1) in a water depth of 3 5 feet. The maximum catch there

was 25 clams in a ten-minute tow.
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In March 1958, the "Monte Carlo" of New Bedford, Mass., an
80-foot trawler, fitted with a hydraulic clam dredge, was hired for

exploration by the North Carolina Department of Conservation and

Development and the Willis Brothers Seafood Company. Hauls were
made in water 3 to 5 feet deep between Cape Lookout and Bogue Inlet

(Fig. 1). Quantities of shells but no live clams were found in depths

up to 9 feet off Bogue, Bear, Drum, and Oregon Inlets . Catches of

live clams were made in water 3 to 5 feet deep east and west of

Beaufort Inlet in concentrations of about 3 .5 bushels per 3 0-minute
tow. However, in this area the dredge became clogged with clay mud
after about ten minutes' fishing, making it necessary to clear the dredge
by towing it at full speed near the water surface. Exploration was dis-

continued after it was decided that dredging with this gear was not

economically feasible here .

Again, in January 196 several boats from New Jersey tried the

area with hydraulic clam dredges. After experiencing the same diffi-

culties as the "Monte Carlo," clammers replaced the long horizontal

cutting bar of one dredge with teeth similar to those of the "Fall River"

clam dredge. The largest catch for one day with this adaptation was
46 00 pounds, not sufficient for profitable operations.

In November and December 19 59, the "Silver Bay," chartered

by the U.S. Bureau of Commercial Fisheries, fished for six days with

a Fall River clam dredge (Fig. 2) in the area previously fished by the

"Monte Carlo." A good description of this dredge is found in Captiva
(1960). The dredge used was a steel cage approximately 36 inches

wide by 24 inches long, with skids, diving plates, and teeth as shown
in Fig. 2. It dug an area about 23 inches wide. A steel mesh bag
(sometimes with a cotton web top) with a draw-string opening was
attached behind the dredge. This bag usually was made of two-inch

rings. The Fall River dredge was found to dig best when a heavy length
of chain was used between the dredge and the nylon tow rope. A
steel cable attached to the dredge was used only in setting and retrieving

the dredge. The maximum catch by the "Silver Bay" for one day was
4230 pounds or 47 bushels. Cost of rigging for this type of dredging is

less than one tenth that of rigging with a hydraulic dredge and the

operating expenses are also less, so the catch was considered large

enough to make clam fishing on the offshore beds profitable.
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Fig. 2. One type of Fall River clam dredge in use off the North

Carolina coast (chain bag not shown).

THE ACTIVE FISHERY, 1960

In January 1960, five local boats began commercial dredging
offshore for Mercenaria campechiensis . Fall River clam dredges

usually were modified by adding a rod underneath the teeth to reinforce

the rod passing through them; the tooth-set gauge was lengthened, and

more holes were added so the teeth could be set for deeper digging.
Sometimes an open-ended cage of horizontal bars was attached between
the bag and the dredge as in hydraulic dredges . This modification

caught less mud and shell, but was discarded because it was more
cumbersome and required constant maintenance. The use of two

dredges on a single vessel was attempted, but results did not justify
the added expense . Estimated cost of rigging each boat with one

dredge and a chain bag did not exceed 3 00 dollars . By the end of

March, when the fishery stopped, 12 boats were in operation; 11 were
38- to 65-foot shrimp boats and one was a 47-foot dragger .
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During 46 days of available fishing time, or 239 boat-days, the

fishermen averaged 4831 pounds per day per boat. The highest daily
catch by one boat was 9800 pounds on Feb. 8. Catches in March usually
were not as large. Total catch for these three months was 1, 162,333

pounds or 12,915 bushels, including 7,668 pounds caught by the "Silver

Bay." Fishermen were paid 2.5 cents per pound or about $2.25 per bushel

Breakage of clams by the dredge was 8 to 10 per cent.

Fishing activities ceased on March 31 when the principal buyer

stopped processing this clam because large numbers of them were

spoiling. These clams gape readily when removed from the water,

losing fluid rapidly so that they soon die and spoil in warm weather if

not processed quickly. Gaping was more pronounced during the last

week of March when the air temperatures had risen to about 58 F .

Dredging is expected to resume in November after the shrimping season,
when air and water temperatures are lower.

DISTRIBUTION AND NATURAL HISTORY OF CLAMS

The principal clam fishery lies between Cape Lookout and Beau-
fort Inlet (Fig. 1) at a 3 0- to 4 0-foot depth. A small bed in about the

same depth, just west of Beaufort Inlet, was fished several days by a

number of the boats . Here the catches were cleaner and clams had
less tendency to gape, but the population was not dense enough for

profitable dredging. In the main bed, east of the inlet, dredging hauls

indicate about one clam per 40 to 60 square feet.

The substrate in the major bed is a black, sticky, sandy mud.
Batten (19 59) shows a band of fine sediment and clay close to the clam
bed. Bottom samples will be taken to determine if this band of fine

sediment and clay delimits the present clam bed or occurs in it .

Other offshore clam beds may exist south of Cape Hatteras near

Hatteras Inlet and west of Cape Fear (Fig. 1). These areas seem to be

like the Beaufort area in environmental conditions . Live Mercenaria

campechiensis were collected on a beach west of Cape Fear River after

a hurricane in 19 58.

Samples of clams taken during the season ranged from 2 . 5 to

5 .5 inches in length with most lengths between 3 .5 and 4 inches . Few
small clams were seen in the dredged samples; however, this may have

been due to escapement. The average clam weight was about one pound
and maximum weights of more than four pounds have been noted . Clams
shucked about one gallon per bushel .
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Sex ratios from several samples during February and March indi-

cated that between 69 and 76 per cent of the clams were female. Gonad
samples from the same period showed 80 to 92 per cent of the clams with

active sperm cells and well developed eggs . Several apparently spawned
females were noted during this time .

Malacobdella , a commensal nemertean, was frequently found in

the mantle cavity of offshore clams . This nemertean has not been seen
in the local Mercenaria mercenaria populations .

Little intermixing of the southern and northern quahog popula-
tions has been noted so far in North Carolina . Live _M . mercenaria
occur in Beaufort Inlet but have not been observed outside the inlet;

old shells however, are commonly found on the outer beaches . Some
M . campechiensis have been found in Core Sound close to Drum and
Barden Inlets as well as offshore (Fig. 1). The distribution suggests
that difference in salinity tolerance is one of the factors separating
the two clam populations . Other environmental factors are not known,
but there probably are some others . In an experimental planting of the

two species in Bogue Sound (Fig. 1) during a six-week period when
salinities ranged from 34 to 36 ppt, M_. campechiensis showed a mortality
of 40 per cent while M_. mercenaria had a mortality of only 3 per cent.
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ABUNDANCE AND DISTRIBUTION OF SEA SCALLOPS
OFF THE MIDDLE ATLANTIC COAST

Arthur S . Merrill

Fishery Research Biologist, U.S. Department of the Interior,

Fish and Wildlife Service, Bureau of Commercial Fisheries,

Biological Laboratory, Woods Hole, Massachusetts

ABSTRACT

The sea scallop. Placopecten magellanicus (Gmelin^supports a major
offshore fishery, principally on Georges Bank off Cape Cod. On a recent cruise

of the "Delaware," eight transects were made from Block Island to Cape Hatteras

in waters from 20 to 80 fathoms, and 56 additional stations were occupied between
the transects. Scallops were taken at over one third of the stations, mostly in

depths of 20 to 40 fathoms. At 14 stations, scallops were obtained in commercial

quantities (over two bushels per 15-minute tow of a standard scallop dredge).

INTRODUCTION

The sea scallop, Placopecten magellanicus (Gmelin), is most

heavily fished on Georges Bank off the New England coast. Over 27

million pounds of sea scallop meats were landed in 19 59 to establish

a record year. Of this total, 23.1 million pounds (85.5 per cent) came
from Georges Bank, 3.2 million pounds (11.9 per cent) from the Middle
Atlantic coast, and 0.7 million pounds (2.6 per cent) from other locali-

ties .

The Georges Bank region is productive year after year because

large areas on the Bank are successfully populated each year. This

is probably caused by the closed circulatory system of Georges Bank

during the fall months when sea scallops spawn (Posgay, 19 5 0). The
current system tends to confine and concentrate the larval scallops on
the Bank until they settle to the bottom.

Along the Middle Atlantic coast, the current flows generally to

the south with only weak gyrals (Bumpus, 19 61). Spawn from any con-
centration of sea scallops in this area is usually, therefore, swept
away from the parent stock. Under these conditions it cannot be expec-
ted that any particular ground will maintain a population year after year,
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and accordingly the location of concentrations of sea scallops dense

enough to support a fishery varies from year to year. When these con-
centrations occur, the boats converge on them and fish there until the

numbers have been severely reduced. This was the case in the spring
of 19 58 when over a million pounds of scallop meats were taken from an
area near Hudson Canyon. Recently over a million pounds were taken

from an area off the mouth of Chesapeake Bay which had produced less

than 0.6 million pounds during the previous ten years.

Biologists working with the sea scallop have studied intensively
the productive region of Georges Bank. In particular, the major beds

have been closely followed, and careful attention has been given to

yearly fluctuations and changes in stock. However, there has been

practically no investigation of the sea scallop stocks of the Middle
Atlantic coast. The little information available has been obtained from

port interviews with the few scallopers who regularly fish areas off the

coast. For a better understanding of the sea scallop fishery it is desir-

able to know firsthand the sea scallop concentrations along the vast

Middle Atlantic coast. Such an understanding necessitates sampling
the bottom over a great area . A biological survey was recently under-

taken for this purpose and the preliminary results of the cruise are

reported in this paper.

METHODS

A recent research cruise (M/V Delaware 60-7, May 11-21, 1960)

was designed to investigate the distribution and relative abundance of

sea scallops and other invertebrates in relation to temperature and depth

along the continental shelf from Block Island to Cape Hatteras. Eight

major transects, each of four or more stations in waters from 2 to 8

fathoms, were made across the shelf as indicated in Fig. 1.

1. Block Island 5. Winter Quarter

2. Fire Island 6. Cape Henry

3 . Barnegat Light 7 . Currituck

4. Cape May 8. Cape Hatteras

1 Reviews of these studies appear in the Bureau of Commercial Fisheries

annual reports of the Woods Hole Biological Laboratory for the years
1956 through 1960. Detailed reports are presented at the annual meet-

ings of the International Commission for the Northwest Atlantic Fisheries
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The transects were planned to define the depth limits of scal-

lops . Additional operations could then be confined within areas of

reasonable bounds . Fifty-six additional stations were occupied between
the transects . In all, 153 tows were taken at 93 stations .

A ten-foot standard offshore sea scallop dredge with three-inch

rings and a 3 0-inch Digby scallop dredge with a half-inch liner were
used in dredging operations . The Digby dredge was towed for five

minutes at all stations . At all stations along the major transects the

standard dredge followed for a 15-minute tow. At stations between
transects the character of the bottom, determined by the contents of

the Digby dredge, decided the practicability of using the standard

dredge. An odometer was usually towed behind the standard dredge.
The standard dredge was sometimes towed for more than the usual 15-

minute duration to bring more scallops aboard for additional biological
data . However, for comparison of densities, all tows longer than 15

minutes have been converted to equal number of bushels per 15-minute
tow. The length-frequencies, sex ratios, and condition of gonads of

all sea scallops were recorded . Associated invertebrates, fish, and
trash were also recorded, and aliquot samples of the dredged material

from each station were bagged, frozen, and brought back to the labora-

tory for future analysis . Certain invertebrates were preserved for

identification at a later date. Samples of scallop gonads from selected

stations were fixed for histological examination and shell samples of

scallops were saved for age reading. Hydrographic operations included

bathythermograph casts at each station and at hourly intervals between
stations, totaling 174, and the release of 762 surface and bottom drift

bottles . All operations were carried out on a 24-hour basis .

DISTRIBUTION AND DENSITY OF SEA SCALLOPS

The stations occupied by the Delaware are shown by circles on

the accompanying chart. The relative abundance is indicated by the

area of black within the circle . It is based on the number of bushels
taken by a ten-foot-wide standard sea scallop dredge in a 15-minute
tow averaging 0.94 mile distance as estimated from odometer readings.
The symbols are fully explained in the note on the chart.

Sea scallops were taken at 33 of the stations in depths ranging
from 16 to 42 fathoms . Fifty per cent of the scallops came from 20 to

3 fathoms, 45 per cent from 3 to 40 fathoms, the remaining 5 per cent

under 2 or over 4 fathoms . The best scallop grounds were found to

begin about 40 miles southeast of Sandy Hook and to continue below the

Hudson Canyon in 25 to 3 fathoms of water. At these depths, scallops
were found more or less abundantly south to the Winter Quarter transect.
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There were also productive areas of limited extent south to about 2

miles below the Cape Kenry transect , The southern limit for live sea

scallops was 36° 45' N, 75° 07' W. Small empty valves were found

just north of Cape Hatteras (35° 59', 75° 04' Wj. Sea scallops prob-

ably cannot live through summers this far south. Posgay (19 53) showed

experimentally that juveniles are killed by water temperatures above
23 C. Summer bottom water temperatures in the Cape Hatteras area

exceed this .

The best catches of sea scallops were made on sand or sand
and pebble bottom containing assorted shell debris. The most commonly
associated larger mollusks were Buccinum undatum , Lunatia heros ,

Crucibulum striatum , Arctica islandica , Spisula solidissima , Volsella

modiolus , Ensis directus , Venericardia borealis , and Astarte subequilatera

The bottom temperatures at the 33 scallop stations averaged as

follows:

20 fathoms 5 0.8 F - 1 station

20 - 30 fathoms 42.2 F - 13 stations

30 -40 fathoms 41 . 5 F - 15 stations

4 fathoms 4 0.5 F - 4 stations

Discussion

As a result of this cruise we now have a better understanding
of the present distribution of sea scallops in the Middle Atlantic area.

Only three or four of the stations yielded scallops in quantities

approaching the density of some of the beds on Georges Bank . How-
ever, scallops were obtained in sufficient quantities at 14 stations

(Fig. 1) to warrant commercial fishing. No attempt was made to define

the limits of the beds during this short cruise .

As mentioned earlier, many scallops have recently been taken
from the Chesapeake Bay area . Our dredgings failed to locate scallops
in appreciable quantities there even though we checked some of the

locations reported as good fishing grounds . Most scallop boats had
left this area before our arrival . Apparently a large percentage of the

available scallops were harvested before the cruise.

The fishing potential of any area may be predicted one or two

years in advance by the number of smaller scallops present . Four such

areas that show promise, based on our cruise data, are 50 and 85 miles

southeast of Sandy Hook, 50 miles east southeast of Cape May, and 60

miles southeast of Cape May.
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Fig. 2. Chart of the Middle Atlantic coast showing abundance
and distribution of sea scallops during cruise of the Grampus in 1913.
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So far as is known, only one similar investigation has been
reported previously. During the summer of 1913 researchers aboard the

U.S. Fisheries schooner Grampus discovered sea scallops off the Middle
Atlantic coast in enough abundance to interest commercial fishermen

(Anonymous, 1914). The small otter trawl used at that time by the flounder

fishermen in Cape Cod Bay was advocated, with some modification, for

catching sea scallops. This was before the sea scallop industry was
established, and before modern gear was introduced. It is interesting to

note the similarity then and now of scallop distribution. For visual com-
parison the chart of the 1913 cruise has been reproduced ''Fig. 2). As
can be seen, the earlier cruise covered less area than the recent cruise

but it did effectively cover the general offshore area from Long Island to

Cape May . From the vicinity of Hudson Canyon south to Cape May both

cruises show quite similar locations of abundance. However, above the

Hudson Canyon the recent cruise found scallops closer to shore, and

possibly more abundant. Below the Delaware Bay area the first cruise

had too few stations for comparison.
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RAFT CULTURE OF EASTERN OYSTERS
IN CHATHAM, MASSACHUSETTS

William N . Shaw

Fishery Research Biologist, U.S. Department of the Interior,

Fish and Wildlife Service, Bureau of Commercial Fisheries
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ABSTRACT

Growth and survival of raft grown oysters was studied in Oyster Pond
and Oyster Pond River, Chatham, Massachusetts from 1957 through 1959. Seed

oysters were supported off the bottom by a log raft for one year and then planted
on the bottom for an additional year. Twenty-seven months after setting, most

experimental oysters had grown to marketable size. They averaged 88.5 mm in

height, 56.5 mm in length, and 4.6 mm in shell thickness. Approximately 17.4

per cent of the oysters died while attached to the raft and an additional 26.4

per cent died while on the bottom, it was estimated.

Under conventional methods of cultivation the Cape Cod oysters reach

marketable size in four to five years, with mortality reported to be as high as 90

per cent in the first two years.

The development of raft culture on a self-sustaining basis is a pos-
sible solution for saving the declining oyster industry of Massachusetts and for

rational utilization of potential oyster resources of the State.

INTRODUCTION

The production of oysters in Massachusetts (Fig. 1) has dropped
over 80 per cent in the last 40 years . In the decade 1910-1919 the crop

averaged 1222.5 thousand pounds of meats per year as compared to only
204.7 thousand pounds in 1950-1959 (Power, 1956-58 and New England
Fisheries, 19 59).

The reason for this decline is clear. At present the majority of

oyster growers in Massachusetts are dependent on out-of-state bedding
stock . Large oysters are bought from Long Island Sound in the spring,

planted on small private grants, and sold in the fall and winter. Only
oysters under the three-inch minimum legal size are left on the beds for

more than one season.

1 Present address: U.S. Department of the Interior, Fish and Wildlife

Service, Bureau of Commercial Fisheries Biological Laboratory, Oxford,

Maryland .
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Fig . 1 o Ten year annual average of oyster meats marketed in

Massachusetts from 1880 to 1959 „

Setting failure plus losses from predation and hurricanes have
caused a shortage of oysters in Long Island Sound in recent years .

Consequently, this area has not been able to supply all the Bay State

growers with oysters and many oystermen have gone out of business.

In spite of the fact that the waters of Gape Cod are capable of

producing thousands of bushels of seed oysters (Galtsoff , Prytherch
and McMillin, 193 0), the full development of this resource has never

been realized because of the methods used. Since few seed oysters
are grown in local waters there is a lack of oysters suitable for the

half-shell market.

For 4 years the Japanese have successfully grown seed oysters
to market size by suspending them from bamboo rafts . In one area of

the Inland Sea 20, 000, 000 pounds of oyster meats are harvested

annually by this method (Wallace, 1959).
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With the hope of developing a similar culture which could be

self-sustaining in Massachusetts, the Bureau of Commercial Fisheries

at Woods Hole initiated studies on the growth and survival of oysters

suspended from rafts in the fall of 19 56 . This report considers one

phase of this study during the period from 19 57 through 19 59; a more
detailed report will appear in a later publication.

METHODS

The raft was constructed of two 25-foot cedar logs held together

by wooden cross bars (Fig. 2). A row of 46 staples, spaced three

inches apart, was placed along each side of the log. The raft was
moored in Oyster Pond River from August to November 19 57, and from

April through November 19 58. During the winter of 19 57, it was moved
and anchored in Oyster Pond to protect it from being damaged and
carried away by floating ice which can occur in the river during this

period .

The experimental oysters came from a 1957 set caught in Mills

Creek, West Chatham, Massachusetts. Oyster and scallop shells

placed in chicken wire bags were used for cultch . Setting occurred

around July 15. On August 22, 1957, a sample of this set was trans-

ferred to Oyster Pond River. Shells each bearing five or more young
oysters were strung on No. 14 galvanized wire. There were approxi-

mately 20 pairs of shells on a wire, the pairs separated by a three-

inch piece of plastic tubing. By August 3 all the strings were attached

to the staples on the logs . During this period an oyster grower planted
on the bottom near the raft about 2 bushels of oysters similar in age
and origin to those suspended.

On November 13, 19 58, the raft-grown oysters were planted on

a private grant in the river. They remained on the bottom until Novem-
ber 3 0, 19 59, when the majority of them were sold.

Growth was measured as increase in shell size. Once a month

during the growing period the height (greatest dorsoventral distance)
and length (greatest anteroposterior distance) of approximately 100

raft oysters were measured. Oysters do not grow from November to

April in this area so no measurements were taken during this period.
Survival among the suspended oysters was estimated by counting all

live oysters on one string. By selecting the same string (Fig. 3) each
month any decrease in the total number of live oysters from that counted
the previous month could be considered natural mortality.
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Fig. 3 . String of raft oysters
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After the raft oysters were planted on the bottom they were
left undisturbed for one year. A sample was then collected and the

increase in shell size and the percentage of deaths (number dead

divided by the total sample) recorded.

RESULTS

The results of our experiments demonstrate that the rate of shell

growth is greatly accelerated when oysters are supported off the bottom.

This observation is in agreement with the findings of Bonnot (1935) and

Quayle (19 56). By the end of 19 57, the setting year, the raft oysters

grew to a mean height and length of 28.5 and 23 .6 mm respectively

(Table 1, Fig . 4). The rate of shell growth of oysters on the bottom was
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The suspended oysters continued to grow at a rapid rate during
19 58. By the end of the year the mean height was 66.7 mm, an annual

increase of 38.2 mm; and the mean length was 48.4 mm, an increase

of 25.8 mm. Because growth was so rapid the shells were very thin

and fragile; the average thickness along the principal axis was only
1.4 mm. In order to let their shells thicken, the raft oysters were

planted on the bottom on November 13, 1958.

There was a decrease in the rate of growth in 19 59 as compared
to 19 58. By the end of 19 59 the experimental oysters' height and length
were 88.5 and 56.5 mm respectively, an annual increase of 21.8 mm
for the former and 18.1 mm for the latter. The shells of these oysters
had thickened over threefold after being planted on the bottom and they
now averaged 4 .6 mm along the principal axis .

As shown in Fig . 4 the growth curves for height and length are

very similar. Shell growth took place from April to September inclusive

(Fig. 4 and 5). In 1958, 83.8 and 90.4 per cent of the annual growth

40



in height and length occurred during the months of June, July, and August
The water temperature during this period was above 15 C (Fig. 5). In

19 58 new shell was not observed until April when the water temperature
approached IOC . By October the water temperature had fallen below IOC
and all measurable growth in height and length had ceased.

When the oysters were two years old, a considerable variability
in size was observed. The largest oyster measured 109.1 mm by 57.0
mm and the smallest 66.5 mm by 49.6 mm. Still, four out of five were

acceptable for the half-shell market. Local oystermen reported that the

flavor of the oysters was excellent. The percentage of solids and index
of condition for 5 raft oysters sampled just prior to being sold were
16.0 and 12.2, respectively.

The estimated mortality among the oysters suspended from the

raft after one year, based on 14 of 79 oysters dying on one string, was
17.4 per cent. After a year on the bottom a sample was collected in

order to determine the mortality which had occurred since planting. Of
87 oysters examined, 64 were alive and 23 were dead, or annual mor-

tality on the bottom was 26.4 per cent. Therefore, the estimated total

natural mortality for the two years was 39 .2 per cent.

A local oysterman had planted 4 00 bushels of seed oysters in

1956. No effort was made to control the predators or protect the oysters
while they were on the bottom. By the fall of 19 58 approximately 9

per cent were dead . It therefore appears that suspending the oysters
on the raft for one year had increased survival sixfold, if the estimates
were valid .

The total cost of materials and labor to construct the raft and
market the oysters was estimated at $248 (Table 2). Twenty-five
bushels of raft oysters (averaging 250 per bushel) were sold and seven
bushels were replanted. The value of these 3 2 bushels, at the present
Chatham price of $ 1 1 . 50 per bushel, is $368. There is, therefore, a

profit of $120 for this small scale operation.

DISCUSSION AND CONCLUSIONS

The results of this preliminary study are promising. The fact

that it took only two years for seed oysters to reach market size is sig-
nificant. Normally the Cape Cod oysters reach market size in four to

five years. During this time they are at the mercy of drills, whelks,
and other enemies which in their natural habitat can destroy over 9 per

-89-



Table 2. Total cost of material and labor to construct a two-log raft,

to prepare the strings, and to market oysters

Materials:

Two 25-foot cedar logs $ 3 0.00

Polyethylene tubing used for spacers
($23.75/1,000 feet) 16.00

Copper paint ($7 .75/gallon) 15.50

Two 50-pound mud anchors ($18 .50/anchor) 3 7.00

Miscellaneous (rope, peavie, staples) 10.00

Commercial spat ($1 .50/bushel) 3 0.00

Total costs for material $ 13 8.50

Labor: (Chatham $1.50 hourly wage)

2 hours cut and straighten wire $ 3 .00

8 hours cut polyethylene tubing 12.00

4 hours paint and staple logs 6.00

3 6 hours assort, put in holes, and string

shells 54.00

3 hours to moor raft and secure strings 4.5

4 hours to disassemble raft and plant

oysters 6.00

16 hours to tong, cull, and pack oysters 24.00

Total costs for labor 109.5

Grand total of materials and labor $248.00
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cent of the young oysters in just two years . By suspending the seed

during the first year of life the losses can be reduced to probably less

than 40 per cent .

Our experiments were carried out on a small scale with one raft

capable of supporting the weight of 25 to 3 bushels of one-year-old

oysters . It should now be repeated on a larger semi-commercial scale

either by private oyster growers or by State authorities . Either of these

groups could establish a pilot oyster farm in order to ascertain the

commercial practicability of raft culture in Massachusetts . There are

many salt water ponds along the Cape Cod shores where such a farm

could be established.

It appears certain that unless drastic changes take place in the

methods of oyster culture now practiced in Massachusetts, the oyster

industry of this state is doomed . The development of raft culture on a

self-sustaining basis might be one answer to the present decline .

In conclusion, it must be realized that this study was conducted
in Cape Cod waters and that other areas might give different results .

It would be of interest to repeat these experiments in more southern

waters .

I would like to thank the shellfish warden, selectmen, and

oyster growers of Chatham, Massachusetts. Without their cooperation
and help this study would not have been possible.
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A POSSIBLE HYBRID POPULATION OF THE STARFISH,
ASTERIAS FORBESI (DESOR), IN WESTERN

LONG ISLAND SOUND

Alfred Perlmutter

New York University Graduate School of Arts and Science, and
New York State Conservation Department

Ross F. Nigrelli

Department of Marine Biochemistry and Biology of the

New York Aquarium, New York Zoological Society

ABSTRACT

The body form of the Common Starfish in western Long Island Sound
is intermediate between those found at Woods Hole to the north and the ocean
shore of Long Island to the south. It is suggested that this population consists

of hybrids of the two forms. Laboratory and field experiments are proposed to

test this hypothesis.

According to Coe (1912) and Aldrich (19 56), the Common Star-

fish of the north and south shores of Long Island is Asterias forbesi

(Desor), a species characterized by arms that are stout, blunt, and
somewhat cylindrical . During a recent biological survey of the

estuarine waters of New York, it was noticed that starfish along the

south shore had short, thick arms while those on the north shore had

longer, more slender ones. To study this variation, additional col-

lections were made in these regions, on the Connecticut side of Long
Island Sound and in the Woods Hole area.

Four body types, representing the range of variation from the

most stubby to the most slender armed specimens were arbitrarily

established (Fig. 1, A-D). Their frequency is recorded in Table 1.

With a single exception, the starfish along the western end of the south

shore (Point Lookout and Coney Island) belonged to types A and B; at

the eastern end (Shinnecock Bay), 86 per cent were assigned to types
A and B and 14 per cent to type C . The majority of the starfish in Long

1 We wish to thank Dr. Leslie Scattergood, U.S. Fish and Wildlife

Service and the Flower Brothers, Bayville, Long Island, for their

assistance in obtaining specimens.
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Fig. 1. Semidiagrammatic silhouettes of body types of the

Common Starfish, Asterias forbesi (Desor), representing the range
of variation of specimens collected on the shores of Long Island,
New York .
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Table 1 . Frequency of body types of Asterias forbesi (Desor) from Woods
Hole, Massachusetts, to Coney Island, New York

Locality Date Body types

A & B C D

Massachusetts

Woods Hole 7/14/59

Connecticut, Long Island Sound

Bridgeport 7/9/59

New York, Long Island Sound

Suffolk Town Beach 7/16/59

Cold Spring Harbor 7/8/59

Lloyds Neck 7/9/59

Bayville 7/23/59

New York, South Shore

Shinnecock Bay



Island Sound were of type C; in the Woods Hole area 42 per cent were
classed as type C and 58 per cent as type D .

Since the body form of the Common Starfish in western Long
Island Sound is intermediate between the stubby-armed southern type
and the slender-armed northern type, it is possible that such starfish

are hybrids . Preliminary studies have revealed biochemical differences

between the two types . They may prove to be distinct species .

The hypothesis that the western Long Island Sound population of

the Common Starfish is a hybrid could readily be tested by controlled

laboratory and field experiments. Crosses of starfish of various body
forms could be made and the progeny grown in different environments .

Previous studies of Coe (1912) have shown that starfish eggs can be

artificially fertilized in the laboratory and the larvae raised to the

early brachiolaria stage; Mead (19 00) also has reported that newly set

starfish can be successfully grown in submerged cars . The only diffi-

culty that may be encountered is the maintenance of larvae from the

early to the late brachiolaria, a period of three or four weeks . For

this, methods employed in the production of sets of oysters and hard

clams may be applicable.

Field observations, as well as reports of oystermen and com-
mercial fishermen, indicate that the Common Starfish is most abundant
in Long Island Sound, particularly at its western end. This abundance
has been attributed to plentiful food and favorable salinity and tempera-
ture. These conditions are also present at the eastern end of Long
Island, in the Peconic-Gardiners Bay area, and along the south shore,

wnere the starfish population never reaches the density it does in the

western part of the Sound. We suggest that the increase in numbers
and destructive activity of the western Long Island Sound population of

starfish may be the result of cyclic hybrid vigor.
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ASSOCIATION AFFAIRS

ANNUAL CONVENTION

The 19 6 Convention of the National Shellfisheries Association
and the Oyster Growers and Dealers Association of North America, Inc . ,

was held July 31 -August 3, at the Emerson Hotel in Baltimore, Maryland.

Scientists and industry members were seriously concerned over
the extension of major oyster mortalities from Delaware Bay to the

Virginia part of Chesapeake Bay. Reports in both Technical and Industry
sessions discussed the spread of these mortalities and the progress of

research to determine the causative agent .

The membership of NSA approved an amendment to the Constitu-
tion to change the term of office of the Secretary-Treasurer from three

to two years . Also approved was a motion to reprint those earlier

Proceedings which are now out of print.

OFFICERS OF THE NSA FOR THE YEARS 1959-1960, 1960-1961

President L. Eugene Cronin, Maryland Department of

Research and Education, Solomons, Maryland

Vice-President Philip A. Butler, Biological Laboratory, Bureau

of Commercial Fisheries, Gulf Breeze, Florida

Secretary -Treasurer JohnB.Glude, Branch of Shellfisheries , Bureau
of Commercial Fisheries, Washington, D. C.

Editorial Committee Editor: Sewell Hopkins
Associate Editor: Lawrence Pomeroy
Associate Editor: Daniel Quayle

COMMITTEES FOR 1961 CONVENTION

Program Committee Chairman: Philip A. Butler

James B . Engle
Albert K. Sparks

Nominating Committee: R. Winston Menzel
Dana E . Wallace
Thomas C. Carver, Jr.
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LIST OF OFFICERS

(1961 - 1962)

President

Vice-President

Secretary-Treasurer

Member -at -Large

Member -at-Large

Dr. Philip A. Butler

Mr. John B. Glude

Dr . J . D . Andrews

Mr. Dana Wallace

Mr . John Gerard
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INFORMATION FOR CONTRIBUTORS

Original papers given at the Annual Association Convention and
other papers on shellfish biology or related subjects submitted by mem-
bers of the Association will be considered for publication. Manuscripts
will be judged by the Editorial Committee or by other competent review-
ers on the basis of originality, contents, clarity of presentation and

interpretations. Each paper should be carefully prepared in the style
followed in previous PROCEEDINGS before submission to the Editorial

Committee. Papers published or to be published in other journals are

not acceptable .

Manuscripts should be typewritten and double-spaced: original
sheets are required but extra copies will facilitate reviews. Tables,
numbered in arabic, should be on separate pages with the title at the

top. Scientific names should be underlined. Do not underline section

headings . Illustrations should be reduced to a size which fits on
8x10 1/2 inch pages with ample margins. Glossy photographs are

preferred to originals . Illustrations smaller than a page should be

carefully oriented and loosely attached to plain white paper with rubber

cement. Legends should be typed on separate sheets and numbered in

arabic .

Authors should follow the style prescribed by Style Manual for

Biological Journals , which may be purchased for three dollars from the

American Institute of Biological Sciences, 2000 P Street, NW , Wash-
ington 6, D . C . In case of a question on style that is not answered by
this manual, the author should refer to the 19 59 PROCEEDINGS (Volume
5 0) or to the present volume.

Each paper should be accompanied by an abstract which is con-
cise yet understandable without reference to the original article. It is

our policy to publish the abstract at the head of the paper and to dis-

pense with a summary. A copy of the abstract for submission to

Biological Abstracts will be requested when proofs are sent to authors .

Reprints and covers are available at cost to authors . Master
sheets will be retained for one year after publication . When proof
sheets are returned to authors, information about ordering reprints will

be given. The present agency from which authors may obtain reprints
is Bi-City f Inc., 1001 S. College Avenue, Bryan, Texas.

For inclusion in the PROCEEDINGS of the current year, all manu-
scripts should reach the Editor prior to October 1 and none will be

accepted after December 31. Send manuscripts and address all corres-

pondence to the Editor, Dr. Sewell H. Hopkins, Biology Department,
Texas A. & M. College, College Station, Texas.
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